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GIOSSARY

HURRICANE SURGE: the mass ef water causing an increase in
elevation of the water surface sheve predicted astronome
ical tide at the time of a hurricane; it includes wind
setup; sometimes the maximum increase in elevatien is
referred to as the surge. ‘ .

HURRICANE TIDE: the rise and fall of the water surface during
a hurricane, exclusive ef wave action. -

ENOP: a velocity equal to one nautical mile (6080 2 ft.) per hour
(about 1.15 statute miles per heur).

OVERTOPPING: that portien of the wave runup which gees ever tlrua
top of a pretective structure.

PONDING: +the storage of water behind a dike or wall from loéal
runeoff and/er evertopping by waves,

POOL BUIRDUP: +the increase in elevatien oi‘ water gurface behind
a structure due to runeff and/er overtepping by waves. '

RUNUP: the rush eof water up the face oi‘ a struc.ture on .the
breaking of a wave., The height of rump is measured frem
the stillwater level. 8 e

SIGNIFICANT WAVE: a statistical term denoting waves with the
average height and period of ene-third highest waves of a
given wave train. : . S

SPRING TIDE: a tide that occurs st or néar the bime éf m‘ and
full moon and which rises highest gnd falls. lowest :Erom the
mean level _

STILIWATER IEVEL: the elevation of the wa.ter surface if all
wave action were to cease.

STORM SURGE: same as "hurricane surge,-“' |

WAVE HEIGHT: the vertical distance between the crest and
preceding trough. . -

 WAVE TRAIN: a series of waves from the same direction.
WIND SETUP: the vertical rise in the stillwater level on the

leeward side of a body of water caused by wind stresses
on the surface of the water. ' : .
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APPENDIX A
GEOLOGY

PHYSTOGRAPHY

A-l, Stamford Harbor lies on. the seaboard lowlend of the

New England physiographic province, at the confluence of the

Rippowam River snd Long Island Sound, in western Connecticut.
Outer Stamford Harbor, wide and rock-studded, is bounded by

.. Peck Point on the west and Shippan Point on the east, Addi-

tional exposure to the Sound is afforded Stamford by Westcott
Cove, a broad, shallow embayment northeast of Shippan Point -
which narrowly misses commection with the East Branch; hence,
Shippan Point, a peninsula, is almost an island under normal
conditions. During times of high tidal flooding, the FPoint
becomes an island. The business center of Stamford is of low
relief and elevation, averaging under 20 feet msl, while -
elevations of 50 to 100 feet msl are attained in almost all
inland directions within one-mile radius, except for the
Rippowam River valley which attains an elevation of 50 feeb
msl about two miles north of the business center.

SUBSURFACE INVESTIGATIONS

4-2, Subsurface investigations, made by the New England
Division, Corps of Engineers during 1956 snd 1957, in conjunction
with this survey, consisted of L5 drive-sample borings, 9 auger
borings, 2 test pits, and 21 harbor probings. = Supplemental '

- information was available in the form of foundation boring records

for the city's incinerator on the East Branch and the power plant
of the Hartford Electric Light Company (formerly Connecticut
Power Company) on the West Branch., Thirty-five drive-aample ‘bor-
ings, 9 auger. borings, and 2 test pits were made to determine

. foundation conditions for various dike alignments on land, and

6 drive-sample borings were made to determine foundation cond:r.-

_tions in the harbor. In addition, L. drive-sample borings and

21 probings were made in the harbor to determine excavation con-
ditions. for dredging of the bypass channel and the channel widenw
ing, and ‘to establish the character of the East Branch as a
potential borrow source. Subsurface explorations were supple-
mented with generasl field reconnaissance to determine surficisl

- controlling features and the availability of borrow. Tocations
and graphic logs for all explorations are shown on Plates A

through A<S.

A-1



FOUNDATION CONDITIONS - EAST BRANCH FROTECTION
A-3, OVERBURDEN

Explorations for the East Branch disclosed no valley of
great depth. A shallow valley exists under the Branch contain-
ing 20 to 30 feet of overburden except in the ares of the dredged
channel. where the overburden is about 10 feet thick. The center
of the bedrock depression is about 100 feet east of the center-
line of the chammel, The water on either side of the 12-foot
(mlw) channel is shoal, much of the bottom being exposed as mud
flats at low tide. A 'blanke'b of '8ilt up to 8 feet thick, largely
organic, covers the entire water crossing, except for the channel
at the barrier gite in Plan "B, Below the silt is a 10-to=30~
foot thickness of varying compactg occasionally gravelly, silty
sand and sandy silts. Between these deposits and bedrock is
sandy till ranging in thickness from approximately 8 feet to zero
fest st the center of the valley where the bedrock is overlain
dlrectly by gravelly 51lty sand.

A«h BEDRDCK

Bedrock, a biotic«gneiss, is moderately fresh and somswhat
fractured in the vicinity of the gate structure, occurring veri-
ably between elevations of 25 and 30 feet below mean sea level in
that srea, deepening to about minus 32 feet under the east bank,
and shoaling to about minus 20 feet under the west bank,

BYPASS AND CHANNEI.WIDENING

A-~5. Borings and probings in the proposed temporary bypass
channel, west of the 12-foot channel in the East Branch, revealed
no bedrock above grade. It is probable that small hnmm@éks of
bedrock will have to be levelled in a few places, it it is not
expected that large quantities of rock excavation will be required,
The only special condition snticipated in dredging the bypass
channel is the probability of having to use a dipper dredge, owing
to the existence of a few feet of till above grade. in the southern
portion. The area of proposed channel widening,on the east side
of the 12-foot chammel, appears equally favorable from an excava—
tion standpoint, with probably a few relatively small areas of
ti1l and/or rock involved,

Mach of both areas consists of compact gravel. Any diffi-
culties involved in removing this will be considerably balanced
by the fact that a 2-foot to 10-foot variable cover of ea311y
removed silt exists in both areas.

™

A=2



FQUNDATION CONDITIONS ~ WEST BRANCH PROTECTION

A-6, DIKES AND WALIS

The entire West Branch pretection traverses fill that is
largely sand, gravel, fly-zgh, and junk, or a mixture of these
materials, The fill generally extends to about mean sea level,
or a little beleow, owing to settlement of the fill in natural
marsh deposits, The latter, however, are only a few feet thick,
overlying firmer silts, sands and gravels. A 15=foot thickness
of soft organic materials at the west abutment of the pumping
station at the small inlet west of Dyke Park, may continue or
thicken westward to the West Branch.

A~7o PUMPING STATION

A boring to determine foundation conditions at the pumping
station had to be offset seuth of the propesed centerline in
order to clear a large sunken barge. The materials encounterasd
were compact gravels and sands beneath )| feet of organiec silt.
Below the granular materials, which are about 25 feet thick,
is a sandy glacial till about 5 feet thick. Beneath the sandy
till is firmer, although sandy, $ill., A%t the east bank, sandy
i1l lies 10 feet below the surface; at the west bank, the
material, in order of depth, consists of 5 feet of fly ash, 5 feet
of fly ash with peat, and another 5 feet of erganic silt with peat,
resting on compact silty, sandy gravel,

FOUNDATION CONDITIONS - WESTCOTT COVE PROTECTION

48, The materials surrounding Westcott Cove are variably
811ty sands and sandy siltes, with occasional shallew deposits
of peat. Much of the area has been built up with hydraulie fill,
including a recent addition consisting of sands and, in part,
organic silts., The western end of the dike alignment, south of
Iroquois Road near West Beach, is on a dump containing up te 20
feet of cellophane scrap. o

AVATISBILITY OF CONSTRUCTION MATERIAILS

A=9, ~EARTH BORROW

It is anticipated that dredged materials from the
bypass channel and channel widening will account for a major
part of the dike material requirements, These materials are
predominantly coarse=grained perviocusi thus substantial finer
materials are required and may be obtained by sand dredging in

A3



Westcott Cove, at least for the eastern range of dikes. It
probably will be necessary to resort exclusively to the use

of such dredged materials. or %o barging‘gand_from Long Island,
in view of the acute earthen borrow shortage in the Stamford
vieinity. True impervious natural materiagls are net readily
available; however, a good grade of uniformly fine fly ash,
such. as that placed in the vicinity of the Hartford Electrlc
Iight Company property and Dyke Park, might qualify as a suite
able impervious materisl for incorporation within the sand
cores of the dike sections. Concrete aggregates are zvailable
locally from commercizl sources.

A-10. ROCK BORROW

There are no active quarries within the general area of
Stamford that are capable of producing suitable dimension stone
for use in construction of the dikes and barrier. It has been
assumed that stone will be obtained from major commercial sources
with facilities for wide distribution. It is doubtful that a
lecal quarrying operation could be undertaken that could compete
with established commercial sources,

CONCLUSIONS AND RECOMMENDATIONS

A=11, The greatest problem appears te be the sherbtage of
earthen borrow in the Stamferd vieinity., Dredged or barged-in
materials, largely sand,may have to be used, and the resulting
seepage through embankments tolerated, in view of the anticipated
short stand of high water. It is recommended that a general
borrow sampling survey be made in outer Stamford Harber and in
Westcott Ceve during the final design stage of the preoject.

Advanced fbundation gtudies for barrlers, dikes and walls
should include detailed exploration and tests for shear strength,
compressibility and permeability fer both feundation and borrow
materials, The main barrier across the East Branch is a rela-
tively léong and high embankment. There remain underlying silt
deposits, even after assuming complets displacement of the organic
silt harber blanket, whose characteristics have not been deter-
mined fully; furthermore, the exact nature of the barrier f£ill
is not known. 4 censervative sectien, therefore, having 1 on 2.5
rock-faced slopes is indicated pending further exploratien and
laboratery tests., The East Branch water crossing is favorable
with regard to rock elevation and character under the propesed
gate structure, and the absence of any valley of sufficient depth
which could provide soft spots resulting in majer displacement
or sebttlement, Additional berings will be necessary to determine

A=k



in detail the rock surface under the gate structure; conditions
for driving the piling of the cofferdam, and to adjust for any
changes in alignment that might be made prier te censtruction.

The South End pump station feundation is satisfactory, inas-
much as the structure has been designed to rest on piles. A detailed
exploration of the area should be made at the time ef final design
to determine whether the structure cazn be placed directly en the
firm gravel indicated by one of the borings in this vieinity. Poor
conditions under the barrier west of the pumping station prompted
degignation of 1 on 2 slopes, with light rip-rap specified on the
landward slope,

The short length of earth dike along the east side of the
lower West Branch should net be affected adversely by a proposed
shift southward of the liS-foot high coal pile. If the shift ocecurs
prior to construction of the dike, it can be expected to preconscli-
date the area and help stabilize this section. The area should be
watched, however. Foundation conditions vary from good granular
materials to fly-ash, peat, and refuse requiring excavation. Earth
dikes under 8 feet in height, or higher where good foundations pre-
vail, have seaward slopes specified 1 on 1,5, rock-faced, and land-
ward slepes 1 on 2,s5eeded, Higher dikes have been designed with
seaward slopes of 1 on 2, rock-faced., If washed dredged fill is used,
an impervious Zene may have to be incorprrated where seepage is crite
ical, However, light loading and short duration of exposure may render
such measures unnecessary. Conventional T-wall design has been speci-
fied, since no special problems other than the necessity of removing
pockets of unsuitable f£ill material are evident, The proximity of
slopes to the ship channel in the southerly porticn is not expected
to ceuse any difficulties, becsuse an old, presumably well-established
rip-rap wall already lines the bank. The main problem in the West
Branch is the character of the materials under the dike alipgnwent
across the entrance of the smzll cove on the east bank and then extend=-
ing east to the pumping station,  Expansion plans of the power company
call for the filling of this cove which is within their property limits.
It is possible that a significant displacement or setilement condition
exists in this area, despite favorable indications from borings to the
north, Borings to the east indicate a 15=foot depth of undesirable
saturated materials. If the better condition exisbs, it is possible
that improvement dredging in the West Branch adjacent to the site may
provide valuable construction materials. The soft organic area west
of the pump station site is recognized te constitute a problem which
will reqsuire detailed exploration during the time of final design,
This may conceivably lead to a modification of alignment or design of
structure at that time. TFor the present, the slopes have been flattened
as noted above.



The materials in the Cummings Park area are not to be considere
to create any special preblem except for the aforementionea dump
and undesirable organic silt stratum under the stopleg structure
at the public beach =all of which should be removed -and 2 recent
hydraulic speil area north of Rippowam Road. Much of the latter
(see Plate A-ly ) is good material, but the spoil area is an active
borrow source and its future condition cannot be ascerisined. The
present dike section assumes that the area will remain reasonably

intact.
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APPENDIX B
HYDROLOGY AND HYDRAULICS

INTRCDUCTLON

B=l. This appendix presents data to supplement the sections of the
main report relating to the subjects of hydrology and hydraulics, -

It includes a summary of temperature and precipitation data to amplify
the section of the report on "Climatology', and data on hurricane wind
velocities, rainfall values, and barometric pressures to augment report
material on the history and frequency of hurricanes. A determination of

tidal flood levels and design storm tide, and detailed analyses of wave

height, runup, overtopping, ponding, and current wvelocities are also
included in this appendix.

HYDROLOGY
B=2, TEMPERATURE AND PRECIPITATION

i Records of temperature and precipitation at the U,S. Weather Bureau
station at Stamford, Connecticut, are available since 1950, but due to
the relatively short period of record and the fact that the station was
relocated in December 1955, the data are not considered representative.
However, there are records of temperature and precipitation covering a
period of over 60 years at the U.S. Weather Burean station at Norwalk,
Connecticut, 8 miles east of Stamford, Monthly means and extremes of
temperature for 61 years of record at Norwalk, and mean, maximum, and
minimum monthly precipitation date for 6l years of record, are sumarized
in Tables B~1. and B=2, o ' ‘

B~3, DRATNAGE AREAS

"The drainage areas of the West and the East Branches, in and above
the protected area of Plan "E%, are 172 acres and 1211 acres, respectively.
The latter figure includes 5l acres of water surface in the East Branch.
above the barrier crossing. The drainage area behind the Westcott Cove
dike is 113 acres. These three areas that contribute runoff te ponding
areas behind the protective works are shown on Flate B=l,

Bwli, STORM RAINFALL

The greatest rainfalls associated with hurricanes in New England
are those recorded for YComnie and “Diane® in August 1955, Hurricane

BConnie", 1l=15 August, caused rainfall varying from about four to six

inches over southern New England and ended a period of drought. A week
B=l



later, on 17-20 August, Hurricane tDiane® brought rainfall ef 16 to 20
inches over Comnecticut and Massachusetts,  The rainfall at Stamford
in Hurricane "Commie" equalled 4.2 inches in 2h-hours and a total of
848 inches during the 3=day period of 12«1l August. The recorded
rainfall at Stamford and at nearby localities, in a number of recent
hui:;r:.cams and one severe storm, are tabulated in Table B=3 on page
Belte

The storm of 1h=17 October 1955, not a hurricane, caused five
successive high tides at Stamford which reached elevations of nearly
8 feet msl, approximately 4 feet above mean high water. This storm
produced record rainfall in Stamford totalling 13,29inches in 73
hours., More than one-half of this rainfall, or 7.86 inches, fell
in a 12~hour period, including a ocne~hour intensity of 2,07 inches
and one half-hour intensity of 1.26 inches, 'With recorded raine-
f£a1l1l at Stamford limited to daily measurements, distribution was
derived by mass curve analysis (see Plate B=2) based on hourly values
at Brentwood, Long Island, and Candlewood Lake, Comnecticut. The
accumilated Stamford precipitation was then rearranged to form the
pattern of rainfall shown in the lve'bograph at the top of Plates
Bw3, B-li; and B=5,

TARLE Bel -

Norwalk, Connecticut

Degrees Fahrenheit Degrees Fahrenheit

Jan. 27.7 70 -22(1) July 72.2 102 42

Febs 27.7 69 «20 Aug, 70,1 104(2) 34

Mar, 36,5 87 -6 Sep. 63,5 102 28

horo 47,2 92 9 Oote 52,7 90 16

Moy 585 96 2h Nov. U1.3 83 -4

June 67,3 100 3h Deca 3065 (st «16
Amual 49,6

Note: Table does not reflect data for years 195L and 1955 for
whick only incomplete records are available.

(1) 5 Jan. 1904 and 28 Jan. 1935,
(2) 26 Aug. 1948,
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TABLE Be2

MONTHLY PRECIPTTATION (1892-1955)

Norwslk, Conmecticut

Inches Inches
Month Mean DMaximum Minimum  Month Mean Maximum Minimum
dJan. 3059 7.35 0.5,4 July‘ h.06 11081 L 0¢65 '
Feb, 3-!41 70)4-6 a)-l»9 Auge )4992 15.80 «37
Mar. hozs 120h2 023 Sepo 3090 15061].(2) 023
Api‘- 307’4 8660 07? Oét. 3067 17623 031
My 109 10,78 207(1)  Nov. 3,77  8.86 295
June 30’40 1005]4 s Deco 3076 8058 085
Annual 16,55 62.95(3) 33.67(4)

(1) My 1903

(2) 00b.1953

(3) 1955

() 1935
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TABLE B-3
HURRICANE AND OTHER STORM RAINFALL

Stamford, Connecticubt and Nearby Locations

Accumlated Rainfall in Inches

Stanford, Conn. Norwalk, Gonn. _ Bridgeport, Conn.  HNew Haven, Conn, _ Mineola, L. I.

_ Max. {1) Max, {1) Max. Max. Max,
Hurricane 2h=hr.Total 2).;-.';’:-° Total 2l~hr. Total 2li-Hr. Total - 2l=lir. Total
Sept. 1938 - m = 10,7 54 119 6. 116 - h,h n;o
Sept. 15k - - L5 8.5: 5.8 10,7 - Lo -85 . - k8 1.
hugs 195k 0 2.3 2.6 0 2.7 310 L6 - 1.7 - 2,757 2,75 . 25 3.28
, {Carol) ' . . R .
S_e;ztg_an 15)?514 o 3.7. heoOo bk holh - 3.5 3.5 5.55 - 5¢557 - N5 5¢35
_ a : . : _ . T : T '
Ang, 1955 ,-10_2 8.8 3&6_ 8.2 3.9 5.3 3.2 . 3.06' o . 812 : lzoa
~ (Comie} =~ . L : - L .
A?ngo 1955 3‘0’2 ) hi? h#l S 592 1,9 . 3#0 ’ C 3.2 h63 JREICE 101 . 105 -
. {Diane _ T - S
Oct. 1955 946 13,29 842 13,0 5.8 0 7.15 o320 5o9 T 263+ heO

(1) Non-recording station - values'based on daily readings.




B-S, HURRTCANE WINDS

The most reliable data on experienced hurricane wind velocities
in New England begin with the September 1938 hurricane. The maximum
velocity in New England during this storm was a recorded gust of 186
mph at the Blue Hill Observatory in Milton, Massachusetts, where a
smstained S-minute wind of 121 mph was also recorded. At other
locations in southern New England, sustained S-minute velocities
ranging from 38 to 87 mph were experienced.

o During the hurricane of 1 September 19hh, a maximum gust of =
10k mph was registered at Chatham, Massachusetts, near the east end
of Cape Cods Sustained S-minute velocities ranging from 33 to 82
mph were recorded at a number of locations between New York City
and Block Island, Rhode Tsland, during the same hwrricane, At

Westerly, Rhode Island, the calm during the passing of the Teye®

of the storm was clearly noted. . o

In southern New England, during Hurricane ®Carol®(3l August
1954), gustsof 125 and 130 mph were experienced at Blue Hill,
Massachusetts, and Block Island, Rhode Island, respectively.
Sustained l-minute velocities ranging from 38 to 93 mph were
registered, ' R

Recorded wind velocities at locations in southern New England
and New York City for the three great hurricanes of 1938, 19kl and
1954 . are given in Table B=li, on the following page.

The wind data in Table B=hi are for historical hurricanes that
passed o the east of Stamford and caused high surges to enter the
east entrance of Long Island Sound. Greater winds would be
experienced at Stamford in the event of a hurricane moving along
a track to the west of Stamford, over the general vicinity of WNew
York City. A maximum wind of 95 mph from the south can be
anticipated at Stamford if a hypothetical hurricane, equivalent
of the 194} hurricane off Cape Hatteras, was to move north along
a path usfficiently west of Stamford to produce maximum winds at
Stamford. See paragraph B-10, "Design Storm Tide Derivation,?

B-6, HURRTCANE BAROMETRIC PRESSURES

The center of Yeye® of the 1938 hurricane entered Connecticut
about 5 miles west of New Haven (30 miles northeast of Stamford) at
about 3330 PoMs, EST, on 21 September and then proceeded nortlmesteriy
at a rate of from 50 to 60 mph. The lowest presswre registered
during the passage of this storm was 28,04 inches at Hartford, Conn.
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TAELE Beli
WIND VELCCITIES

New England Hurricanes of 1938, 19l) and 195%

Velocity in Miles Per Howr

Tocation Sustained Sustained Maximum
S-MH.Q  l=Min, Gust Direction
Hurricane of 2). September 1938

New York, N. Y. 70 - 80 NW
New Haven, Conno 38 - h6 - NB
Hartford, Conne L6 59 NE
Block Island, R. T. 82 - 91 SE
Milton, Mass, . .

(Bine Hill Obser'vatory) 121 o 185 S

Hurricane of 14 September 194k

Yew York, N. Yo 81 99 - N
New Haven, Conn. 33 38 65 N&NE
Bartford, Comn. 50 62 109 (est) W
- Point Judith, R.T. 85 (est) 90 (est) = SSE
Block Island, R. I 82 88 - SE
Milton, Mass.

{Blue Hi1l Observa'tory) 67 77 - - -

| Hurricane of 31 August 195k

New York, No To . - R - | i)
Bridgeport, Comn. ™ - - - 60 -
Hartford, Comm. = . . - 56 6L NE
¥ew Haven, Conn, - 38 65 N
Block Island, R. Te - 93 13¢ SE
Miiton, Mass.

(Blue Hill Observatary) - 93 125 SE



Tn the hurricane of 1l September 194k, the ®eye® of the storm passed
inland between Charlestown and Point Judith on the south ccast of Rhode
Tsland (100 miles east of Stamford) at about 10:20 P.M.,EST. It then
continued in a northeasterly direction veering out to sea at Boston,
Magsachusetts, The minimum recorded barometric pressure in southern
New England during this storm was 28,31 inches at Joint Judith.

The center of Hurricane %Carol® {31 August 1954) crossed the south

shore of Connecticut in the vicinity of New London (75 miles east of
Stamford) at about 10:30 A.M,,EST, and then followed a general north-
- westerly path across New England. The minimum barometric pressures in
New England upon the occasion of this hurricane were 28,20 inches at -
Storrs, Comecticut, (90 miles northeast of Stamford) and 28,26 inches
at New Londoh.

The minimgm pressures recorded at a number of New England locations
and New York Ciiy during these three great huwrricanes of the past 20 years
are given in Table B=5, _

TABLE B-5

MINTMUM BAROMETRIC PRESSUB.ES

New England Hurricanes of 1938, 1ohli. and 1951;

Location e Barons bew

Burricans of 21 September 1938 __
New York, N. Yo ' 2645 PoM, 28,72
New :Haven, conno 3330 PoMa 28011
Hartford, Conn. k17 PoM. 28,0k
Block Island, R. Ie 3305 PoM, ”8966
Milton, Mass,
(Blue H:.ll Observatory) = A | 29,01

Hurricane of 1l, September 19kl
New York, N. Y. 7515 P.M, 29,08
New Haven, Conn. 8350 P.M, 28,86
Bartford, Conn, 9350 P.M, 28,9
Point Judith, R. T. 10,20 PoM. 28,31
Block ISland, R. Te 10a09 P.M, 2803’.‘
Milton, Mass. -
(Blve Hill Observatory) . - . ‘ 28,62

Hurricane of 31 August 1954
New York, N. Y. ] . 29@6

. Bridgeport, Com.. . : e ' 2949

New Haven, Comne. . - 9230 AoMs 28,8
Storrs, Comn, - - 28,2
New London, Comme . e 2803
Block Tsland, R, Io - - 28,5
M:thon, Mass, (Blue Hill Observatory) 2909
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'B=7. RUNOFF,

Runoff studies for the three drainage areas gbove the protective
works in Plan “E® (See Plate B~l and paragraph B-3) were predicated on
the storm of 1li=17 October 1955, Discharge hydrographs for these three
areas, draining into the Wesi Branch, East Branch,; and Westcott Cove,
together with the 12«hour hyetograph upon which they are used, are
shown on Plates B=-3, B=li, and B.5, The compuied hydrographs are based
on synthetic unit graph methods of analysis in which the 12=hour raine
fall was applied to the respective one-half hour unit hydrograph, after
deducting infiltration losses of 0,1 inch per hour for the areas draine
ing to the East and West Branches and 0.k inch per hour for the Westcobt
Cove Area. The characteristics of the Westcott Cove area, with grassy,
rolling terrain, are less conducive to high runoff than the urban areas
adjacent to the East and West Branches. The West Branch (South End)
hydrograph has a peak of 26l cfg. The total volume of runoff is 96
acre feet, equivalent to 6,7 inches over the drainage area. See Flate
B=3, The inflow-hydrégraph for the East Branch has & peak of 1275 ¢fs
and & volume of 670 acre<feet or 6,7 indhes of runoff from the drain~
age area, See Flate B=lj, The inflow hydrograph for the Westéott Cove”
ares has a peak of 139 ofs and & volume of 35 acre feed, or 3.76 inches
of runoff from the drainage area. See Plate B~5,

Bef. HURRICANE (B STCRN-TILE FLOOD LEVELS

The heights of tidal flooding experienced at a numbér of locations
in Stamford and other Connecticut coastal areas during Hufricane %CarolV
(195L) were obtained during the coutse of damige-survey work in the field.
. The elevations of these flood levels, referred to mean sea level, were
then detérmined by a field level party. This information was supplé=
riented by material of high water levels collected by this office after
the September 1938 hurricane. Based on this information, profiles hive
béen prepired of the 1938 and 1954 tidal-flood elevations between Willets
Point, New York, at the western end of Long Island Sownd, and Wareham,
Massachusetts, at the eastern end of Buzzards Bay: A map and profile
for the coastline b etween Willets Point, New York, and the town line
between Westport and Tairfield, Connecticub, hive been prépared. See -
Plates B=6 and B=7, ‘At Stamford, approximately Mile 20 on the profile,
general lévels of 11,0 feet msl in 1938 and 10:3 feéet msl in 19Sh-are
indicateds The tidal elevation=frequency datd, shown in Table B-6,
incorporates all information and procedires wsed in deriving the eleva-
tion=frequency curve shown on Flate B-8,

B=9. PONDING

The volumes of runoff that would pond behind the West Branch protec=
tiongn the pool behind the East Branch barrier; and behind the Westcott -
Cove protection, in the event of recurring 1938, 19hh, and 195L hurricanes
and a recurring October 1955 storm, are sumarized in Table B=7. In de-
termining the levels of ponding in the South End, in the area protected
by the West Branch walls and dike, consideration
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was given to the existing 10,000 gpm punping station located at Pacific
and Crosby Streets and to the proposed 40,000 gpm station in the protective
works west of Dyke Park, At preseni atorm water from the existing station
is conducted through an existing 2h=inch (C.I.) force main, along Pacific
to South Street, a distance. of about 1,100 feet; then discharged by
gravity to the West Branch through a line crossing the power company
property. Under Plan "E", the existing line along Pacific Street would
discharge into a new interceptor (42 inches in diameter along South Street

‘and Bh inches in diameter along Dyke Lane) that would be installed between

Atlantic Street and the storage pond of the proposed new pumping station.
A total storm drainage of approximately 90 cfs would reach the proposed
new pumping station through this interceptor.

The determination of the volume of fresh water that would accurmlate
behind the protective works during periods of heavy rainfall is predicated
on closure of the navigation gate in the East Branch barrier and the
conduits at the pumping station when the flood tide is at a stage of
gero msl. The navigation gate would be opened, to permit discharge by
gravity, when the falling tide reaches a stage equal to the level of
ponding behind the barrier; the gates at the pumping station would open
when the falling tide reached a stage of zero feet msl. Closure of
lines mder the Westcott Cove protection would occur when the tide is
at or about 7 feet msl, This is approximately the stage at which backup
through the lines would start to cause flooding behind the dike. Cravity
discharge would also begin in the Westcott Cove~Cummings Park area when
the tide falls below the level of ponding in this area. The gates in the
Fast and West Branch protection would be closed for periods of 7 to 9.5
hours upon recurrence of the 1938, 194k, and 1954 hurricanes and the
storm of October 1955, Ponding in the Westcott Cove area would be
experienced for perieds of two to three hours, .

Only the October 1955 storm causes any ponding that results in
damages. The ponding in this storm reaches an elevation of 5,1 feet msl
behind the West Branch protection, 6.6 feet msl behind the Eazst Branch
barriér, and T.5 feet msl behind the Westcott Cove dike, or stages that
are 1.6, 0,3, and about 0,2 feet, respectively, above the stages where
flood damage begins. The damages at these stages are small and, on an
anmial basis, negligible, '

The peak levels of ponding caused by runoff equivalent to that
experienced in recent important storms and hwrricanes, as shown in
Table B=~7, have been determined from the area-capacity cuwrves shown
on Plates B=10, B=ll, and B=12, These curves are based on U.S.
Geological Survey maps supplemented by plane table surveys made in
commection with the present irvestigation of the' tidal-floed problem
at Stamford. C
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. TABLE B-6
TYDAL ELEVATTONS VS. FREQUENCY DATA

HURRTCANES AND SEVERE STORMS

 Stamford, Connecticut |
Estimated Maximumm  Pércent Chance of -

Hurricane or Storm Tidal Elevation = . Océurrence -in .one (1)
, : je - - - 1015=19 936=19
Hurricane, 21 Sept.1938 1.0 {2 Oalt 2.6
Burricane, 2 Aug. 1893 10,3 (3 Lol
Hurricane, 31 Aug. 1954 1063 (2 1.8 769
Hurricane, 23 Sept.1815 10.2 (L) 2,5 '
Storm, -~ 25 Nov. 1950 945 (5) 1342
Hurricane, 1h Sept.lSl 9,2 (hg _ | ~ 18.h
Storm, 7 Nov. 1953 . 9.2 (5) 2307
Storm, 30 Nov. 194k - 8.0 (L) 29,0
Storm, 31 Octs 1947 769 (k) 3he2
Storm, 1h=16 Oct. 1955 769 (5 3965
Storm, 27 Nove. 1940 Tolt (b Whe?
Storn, 29 Nov. 1945 Tolt (I4) 50,0
Stom’ 8 Deco 1950 70h (h‘) . 5503
Storm, 21 April 19440 Tl (b 65,8
Storm, 16 Jan. 1945 7ol {h 71,0
Storm, 12 Nov. 19L7 7.1 (L) 7603
Storm, 23 Oct. 1953 71 (b) 81.6
Stormg 26 Oct. 193 Te0 (4) 86,8
Storm, 10 May 1945 760 (h; 92,1
Storm, 20 April 1SLO 740 (L 9Tl
Storm, 22 May 1951 750 (L) 100,0

(1) Caleulated plotting positions-

2 Jﬁ_oé_l‘l:‘ieﬁl where

P= percent chance of occurrence in one year ,
M= number of the evend .
Y2 number of years of records

22; Based on high water marks at Stamfords
3) Estimated from newspaper accomtbe

(1) Stage related from gage reading at Bridgeport, Connecticub.
(5) Tide gage reading at Stamford.

B=l0



=g

TABIE Be7

PONDING FROM RUNOFF IN PAST HURRICANES AND THE OCTOBER 1955 STORM

HURRICANE PROTECTION PLAN YEM

Stamford, Connecticut

Rainfall
West Branch
: Protection
STORM Total  12-Hr. Vol. Eilev, (1)
T (Inches) (Inches) ac.tte (Tt, msl)
Hurricane, 1938 11.0(2) 3.9(2) C 2,5
Hurricane, 104 111D 3.9(2 2 2.7
Hurricane, 195k 2.6 2.3 0 2.5
Storm, Oct, 1955 13.3 7.9 33 5.1

(1) In low area at Pacific and Crosby Streets;
storage reflects pumping at existing station
and new station included in Flan "E¥,

(2) Based on records at Mineola, L.I.

(3) At east end of Rippowam Road where damage
begins at an elevation of about 7.3 feet msl,

Ponding of Runoff

Bast Branch

Vol. Elev.
ac.ft. (ft.msl)
86 2.0
255 5.0
82 1.9
375 6.6

VWestcott Cove
Protection

Vol. Elev,

ac.ft. (Ft.msl)

0 1.0 & 7.003)

o (3)
5. 6ok & 702 (ests)
o 1.0&7.08)

20 7.5 & 7,5(3)



HYDRAULICS
B~10. DESIGN STORM~-TIDE DERIVATION

A memoramdum dated 17 May, 1957, te the Beach Eresien Board
frem the Department ef Oceanography of the Agricultural and
Mechanical College of Texas, in connection with research work
being conducted by them under contract, contains the results of
computations of hurricane surge petentfals in Long Island Sound
and forms the basis for the derivation ¢f « design surge at
Stamford., The evaluation of design storm surges for Long Island
Sound was made by verification of analytical computations with
information on observed high water levels in the Sound during the
1938 hurricane, The wind and barometric pressure patterns utilized
in the 1938 hurricane problem were taken from U.S. Weather Bureau
Memorandum HUR 7-8 dated 1 June 1956, Computations were made for
design hurricanes advancing at speeds of 30 to hO knots. From a
surge viewpoint, the latter condition is most critical in the
eastern and western portions of the Sound, and the 30=knot hurri-
cane the most critical in the central portion. The design hurri-
cane corresponds to a transposition of the 19L) hurricene which
was especially severe off Cape Hatteras, with wind field and
pressures as specified in U.S. Weather Bureau Memoranda Nos. HUR
7=11 and 7=13, dated 15 June 1956 and 1 August 1956, This storm
was considered to move northward along a path that would cause
the region of meximum winds and highest surge to be directed into
the eastern entrance of the Sound, off Montauk Point, Long Island.
In the Stamford area s to allow for differences between observed
and computed surges in the 1938 hurricane, the computed design
surge for the LO~-knot storm was modified by the ratic of the
observed to the computed 1938 surge. To determine a design gtille
water level, the design surge was added toa high spring tide
equivalent %o the spring tide predicted for 2L and 25 September
1957, as shown on Plate B-T. This gave a design stillwater level
of 16 feet msl at Stamford, derived as follows: .

Surge, design storm (hO-knot speed) 10.L feet
High spring tide : - 5.6 feet msl
iJesign stillwater level _ 16.0 feet msl
The ratio of the design surge to the 1938 surge is approximately 1.3
B~11l. WAVE HEIGHTS AND RUNUP
Design wave heights and wave rump have been derived for the
proposed barrier, dikes, and walls in the West Branch, East Eranch,
and Westcott Cove areas of Stamford. They were determ:.ned for

conditions of a 35 mph wind, from the west southwest coincident
with a design peak surge of 10.lL fzet and 2 spring tide of 5.5 feet msl.
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Sigrnificant wave heights have been calculated for one-mile
fetches along the center of the Sound, for a distance of 1
nautical miles, starting from Huckelberry Island, off Davenport
Neck, New Rochelle, at the western end of the Sound, A é=~foot
wave with a pericd of 5.7 seconds was computed for the entrances
of Stamford Harbor and Westcott Cove. Inside the harbor, this
wave was reduced to a height of 3.6 feet and a l~second period
due to refraction. A refraction coefficient of 0.60 was used
which was derived from method contained in Beach Erosion Board
Bulletin, Special Issue No, 1, using -a water depth of 28 feet,

2 wave length of 166 feet, and an angle of 50 to 60 degrees
between a west southwest fetch and the Stamford shore. The exist-
ing breakwaters, with top elevation of 8.6 feet msl, would be
submerged zbout 7 feet and are not considered to be effective

in reducing wave heights under design hurricane conditions. The
height and period of the significant wave at the mouth of the
East Branch have been determined to be 3.6 feet and 1, seconds,
respectively. Due 1o refraction and to the diffraction effect

of the narrow West Branch, this wave has been reduced to one with
a height and period of 2 feet and 2 seconds in this Branch.

The significant wave at the head of Westcott Cove is also
one of 2=-foot height and 2-second period. This is due to the
leeward location of the cove in a west southwesterly wind and to
the fact that waves moving easterly along the axis of the Sound
have to make a sharp turn of nearly 90° before reaching the head
of the cove.

Wave heights also have been computed for a 95 mph wind from
the south such as would be experienced in the event of a hurricane
centered over New York City. See paragraph B-.10., Under such con-
ditions, the tidal surge at Stamford would not be apprecigble.

The tidal surges that enter lLong Island Sound and cause flooding
along the Connecticut Coast originate from hurricanes moving along
tracks passing near Montauk Yoint, L.I., east of Stamford, Calcula=-
tions of wave heights at Stamford for a 95 mph wind have been based
on a fetch from the north shore of Long Island and a stillwater
elevation of 7.8 feet msl. This elevation equals a high spring
tide at 5,6 feet msl plus a wind setup for 2,2 feet., A significant
wave with a height of 10 feet and a perilod of 6.5 seconds would
reach the breakwaters at the mouth of the harbor. The waves hit-
ting the breakwaters would be broken. Those that passed through
the B00=foot gap between the breakwaters would be affected by the
many small islands in the harbor area and further reduced by dif-
fraction and refraction. It is estimated that the waves reaching
the protective works in the East Branch would have a height of
approximately L feet and a period of L seconds; and those reaching
the protective structures along the West Branch would have a height
of 2 feet and a period of 2 seconds. The significant waves enter
ing Westcott Cove, under the same wind condition, would be broken
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on the ‘shore before reaching the protective structures. A
significant wave is the average of the highest one-third of

the waves in a wave train. It will be exceeded by about 13
percent of all the waves in the train. Data on wave heights
and rumup are summarized in Table B=8 on the following page.

The yunup figurés in the table indicate the vertical rise of
water above a still level of 16 feet msl in a design hurricane.
The computation of runup values is based on walls of concrete
construction and dikes with rubble slopes of rough angular
stones. Maximum wave heights will be approximately 1.6 times
greater than the significant wave heights noted in Table B-8

and corresponding wave runup also will be greater than indicated.
Rump data were derived from curves, representing the resulis of
laboratory studies, contdined in Beach Erosion Board Technical

Report No. L.
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TABLE BeB

DESIGN WAVE HEIYHTS AND RUNUP

HURRICANE PROTECTION PIAN ®E#

Stamford, Connecticut

Structure and Locations Top Elev,
fte msl

Wall = North of Power Co. 17
Wall = On Power Co.

property 17
Dike 18

Bike = Closure at

west end 18
Barrier - West of gate 18
Gate 18
Barrier - East of gate 18

Dike = Closure at east end 18

Dike HERE 18

{1) Kbove stillwater lével of 1640 fest mslo.

Seaward Significant
Slope Wave Helght
(ft.}

West Branch Protection

Vertical 2,0
Vertical 240
1 on 1,5 20

East, Branch Protection B

1 on 1.5 3.6
1 on 2,5 3.5
Vertical 346
1 o 265 306

ionls 3.6
Westsott Cove Protection

1 onl,.5 2,0

Wave
Run

ft.) .

440
2.5
1.2

3.1
3.0
5.8
3.9
3.1

1.2



B=12, OVERTOPPING

The amount of overtopping is important noi only in the design of

a safe structure but also from the standpoint of flooding that may be
cansed by the ponding of the overtopping watér, Rates of overtopping
were determined for a peak stillwater level of 16 feet ms) and for
several lower elevations in the design lwrricane, 'The hejghts of a
significant wave in the design hurricane, shown in Table B=8, were
used in all computations, The doration of overtopping is estimated
from the tide graph for ‘the design hurricane shown on Flate B9,
Overtopping data were obtained by interpolation and extrapolation

of the curves in Beach Erosion Board Technical Manual No. &k

which relate the rate of overtopping in cubic feet per second

per foot of length to the crest elevation above stillwater, with
wave heights as a third variable. These curves were derived from
data gathered in experimental wave tank tests made at the Watere
ways Experiment Station for the Beach Erosion Beard and therefore

are for wniform waves, mechanically generated. To simulate the
actual wave train in nature, consideration was given to the over~
topping associated with each wave height in the wave spectrum,

These were weighted according to the relative frequency of occurs-
rence of the particular height (as given by staltis_tieal analysis

of wave height frequency) and then summated in order to gét the
final value of overtoppmg assoc:iated with a wave train of gi.ven
significant height. : .

A key to the relative importance of the overiopping of DT o=
posed protective structures in a design hurricine may be found -
in Table B=8, . An examination of this table indicates that the
top of wave runup in a design hurricane will range frrom. 0,0 o
3,0 feet over the top,of structures aleng the West Branch and
1.0 to 3.8 over the protective works in the East Branch, There
will be no overtoppn.ng of the dike in the Westcoti Cove Area.

No overtopping is indicated in the event of a recurring 1938
hurricane with a peak stillwater level 5 feet below that of &
design hurricane, except at the barrier across the East Branch
where minor overtopping would be sustained owing to the deep
water in this area, Overtopping of the East Branch barrier can
begin when the water level in Stamford Harbor is at an elevalion
of 9,0 feet msl, Overtopping of protective works in the East
Branch, however, is of relatively minor consequence owing to the
large storage capacity in the Branch above the barrier, Estimates
of the overtopping to be anticipated in connection with Plan ¥EY
protective works at Stamford, in the event of a design hurricane,
are summarized in Table B«9 on the following page.
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TABLE B=9

OVERTOPPING OF PROTECTIVE WORKS - DESIGN HURRICANE
HURRICANE PROTECTTON FLAN "g*

Stamford, Connecticub

Water Surface
At Which

L Overtopping o Average e

Protection Begins & Ends ' Duration "7 "Rate . " Yolume

'_'““—“"' '(-fiee;“t_ msl) (hrs.) (cfs) (ac.tt.)
¥ West Branch 11,8 2 250 _ho(l)-
-3 .

East Branch 9,0 3 760 189

Westcott Cove - . 0 o - 0

- (1) . With no pumping,

Maximum -
Pool
Hlevation

{feet msl)

5.3
309



B=13, CURRENT VELOCITIES IN NAVIGATION CHANNEL

The width of the gated navigation opening determines the current
velocitiss through the opening. Computations of velocities in the
navigation opening were based on routing calculations predicated on
the storage capacity in the East Branch, above the barrier, and the
formula Q<CA V=IgGR, where "H" equals the difference between the water
surface elevations on the lower and upper sides of the barrier, and
Cr is g coefficient of discharge assumed to equal 0,75, This form~
ula does not evaluate all the variable losses from contraction, ex-
pansion, frictlon, wind, and other indeterminate factors, but it is
believed that the adopted coefficient provides reasonable results.

It has been detarmlned by the routing éalculatlons that the

ted that the maximﬁm current in the cross-section’ wnuld be at the cenber
of the opening, near the swface, and would ‘squal approximately 1.0

knot, or about 30 percent greater than the 0,8 knot avsrage, The
TS=foot width of opening is sufficiently 1arges comparad to the

pool area above the barrier, to cause an inaignificant effect on

‘the tidal regimen upstream of the barriero S
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APFENDIX C
HISTORY OF HURRICANE AND OTHER STORM OCGCURRENCES

C-1, GENERAL

In order to determine the possibility of future hurricane
occurrences, 2 review has been made of historical data on past
hurricanes that have struck or threatened the coast of CGonmecticut.
Since the eastern entrance of Leng Island Socund lies in the path
of hurricanes moving into New England from the south, the Conn-

- ecticut shoreline, on the north of the Sound, has frequently been
subject to tidal flooding from hurricane surges moving west up
the Sound. The records indicate. that the coast of Comneeticut,
including Stamford, has experienced or has been threatened by
hurricane tidal flooding upon 58 occasions since 1770, . The
greater number of these hurricanes, owing to the locations of
their paths, did not cause tidal flooding along the Commecticut
shore. However, they did present a. potential threat of such
flooding. Of the 1l hurricanes that have caused tidal flooding,
the 5 greatest, as far as can be determined from existing records,
are listed below in their estlmated order of magnltude. '

21 September 1938 ,
2 August 1893
31 August 195L
15 September 1815
1), September 194}

. In recent years; the hurricanes that have caused tidal flood-
ing along the coasts of Bhode Island and southern Massachusetis
caused flooding along the Connecticubt e¢oast. Prior te 19 October
1770, four hurricares are known Yo have affected the coastal aress
of Massachusetts and Rhode Island. The two earliest of these storms,
- namely those of 15 August 1635 and 3 August 1638, caused extensive
tidal flooding, probably the greatest ever experienced in New England
during the past 200 to 300 years. Since there was very little devel-
opment along the Comnecticut shore until after 1638, there are no
available records to indicate that these storms affected Long Island
Sound, It is reasonable to assume, however, that they did cause
inundation of the coastal lowlands of Connecticut,

Since the extent of flood damages is relative to the degree
of development in the areas flooded, the early great hurricanes
were not nearly as damaging as those of the present century. A4s
a matter of fact, the two earliest hurricanes of record in New
England, which, according to history, must have been very severe,

C=1



occurred prior to the settlement of Stamford and other cities and
towns along the Comnecticut coast. The recurrence of these two
hurricanes under present conditions would cause extensive damages,
possibly in excess of the damages sustained in September 1938,

An exsmination of the U.S. Coast and Gepdetic Survey tide-gage
records for New London, Comnecticut, and Willets Point, New York,and
of local staff-gage records at Bridgeport, Connecticut, indicates
that there haw been 21 occasions, other than hurricane experiences,
during the years 1938 through 1956, inclusive, when storms or other
meteorologic conditions caused the tide at Stamford to reach an
elevation of 6.6 feet msl or higher. This elevation is approxi-
mately one foot above the level that would be reached in a high
gravitational spring tide. The five highest tides so experienced
a2t Stamford during this 19-year period are itabulated below:

Date Tide
(feet ms1)
25 Nov. 1950 905
7 Nov. 1953 9.2
30 Nov. 194} 8,0
Ui=16 Oct, 1955 7.9
7.9

31 Oct. 1947 .

02, SUMMARY OF HURRICANE AND STORM OCCURRENCES

A summary has been prepared, see Table C=1; which lists all
hurricanes known to have directly affected the coast of Comnecticut,
and, alsc, all hurricanes known to have threatened the area. In
the latter case, a slight change in meteorological conditions could
have caused any of these hurricanes to follow a course more critical
to Long Island Sound, thereby subjecting the Comnecticut coastal
area to tidal flooding. The following classifications indieste the
- effect of the reg¢orded hurricane occurrences on the Comnecticub
coast: e

Type “A%: Hurricanes causing. tidal flooding.

Type "B%: Hurricane:t causing damage from wind and rainfall;
no evidence of tidal floeding.

Type ®"C":  Hurricsnes threatening the area; no damage.

Of the 58 hurricanes of record, listed in Table C=1, that

have either caused or threatensd damage along the Conmecticut
coast since 1770, 1l are of type "A," 17 of type "B,* and the

C=2



remaining 27 of Type "C,m Thirty-—nine of the listed hurri cane
experiences (7 type "A," 10 type "B," and 22 type "C,")hasve occurred
. during the period from 1901 to 1_956 The fact that there is a
record of 39 hurricanes in this 56-year period, as compared with

19 in the 131-year period from 1770 to 1900, is nct considered
indicative of a greater trend in hurricane activ1ty in recent years
but to a lack of records and information on storms prior te 1900,
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TABIE C-l1

- HISTORICAL HURRICANES

: GOﬁneciicuthQnat '

. D&f& of L R & ) Source -

Hurricane Category. ‘of Data - -
1635, Aug.15 - @03
1638, Aug. 3 . - (3)
1723, Oct. 31 - (3)

1757 - ~ (2)
1761, Oct. 2L - (3)
1770, Oct. 19-20 B (3)
1773, Aug. 19 c - (2)(3)
1787, Sept. 19 B . (3
1788, Aug. 19 - o (2)

(Footnotes are at end of tsble.)

Cely

‘  :' Bomarks

Great tidal surge along
coast of R.I. Effect on
Connecticut coast neb
knowmn.

Historical account indi-
cates greatest tidal flood-
ing ever experienced along
Mass., and R.I. coast. Effect
on Conn. coast not knowm,

Very high tides in R.I.;
considerable damage.,
Effect on Conn. coast
not known.

Atlantic Coast hurricane,
Florida %o Boston, Mass.

Effect on Corm. coast not
known.

Very high tides in Narra-
gansett Bay, R.I, Damage
from wind and water.

A vielent storm; inmense
loss of life and propexrty
aleng the coast., Report
of boat damage at New
Londor, Conn,

Passed near Boston, Mass.
tAbundant showers® in Conn.

Reports of damage at
Stamford and Norwalk, Conn.

Affected western New England;

much damage in Conn, and Mass,



TABIE Cel (Contt'd)

Date of (1) Source

Burricane Category ' of Data : Remarks

180L,5ept, 3-9 c (2) Severe storm; passed over
Cape Cod, travelling north-
east, No aeccount of damage
in Conn,

180k, Oct.9-10 B (2)(3) Reports of minor wind and
rain damage.

1815, Sept.18-2% A (2)Y(3) Very high tide; considerable
damage along Conn,coast from
tidal flooding.

1821, Sept, 1=y A (2)(3) Wind damage to6 boats and

, homes, Tidal flood damage
at New London, Comn,

1829, July 2L c (2)(3) Reported to have been felt
in Boston, Mass., No ac-
counts of damage in Conn,

18)41, Oct. 3-6 B (2)(3) = Violent winds and heavy :
raing reports of wind damage
at Hartford, Connecticut

185);, Sept.6-1} ¢ (2)(3) Severe in southern staﬁes;
passed over New England,
near Boston. Heavy rain
and high winds at New Haven,
Connecticut.

1866, Oect.29,30 B : (2)(3) Reports of wind damage.

1869, Sept.8 A (2)(3) Tidal-flooding at Mystic,
Connecticut.

1877, Se‘p‘l’:«?l- :
Oct. S C (2)(3) Path was south of Long
Island and Nantucket., No
accounts of damage in Conn.

1878, Oct.18-2} A (2)(3) Reports of wind damage at

Bridgeport; very high tide
at Greenwich, Conn,

08



TABIE C=1 (Cent'd)

Date of ... A1) Source
Hurricane .- .Cutegory  of Data =~ Remarks

1879, Aug. 16-20 | B (2) Passed over Cape Cod,
Damage to crops from wind
and rain at Stamford, Conn,

1889, Sept. 1~13 A (2)(3) Streets in Stamford flooded
i by heavy rain., Verv high
tide at Greemwich, Conn.

1893, Aug. 13-26 A . (23(3) Wind, rain, and high tide
caused damage along Conn.
coast.

1893, Aug. 29 A (3) Reports of damage from
wind and tide aleong Conn,
coast,

1896, Sept. 3~11 B (2)(3) Strong winds and heavy rains;
: wind damage at Greenwich,
Connecticut.

1901, Sept. 9-19 B (2) () Passed south and east of
Cape Cod. Damage from
heavy rain at Bridgeport,
Connecticut.

1902, June 11-20 c (2)(3) Path crossed Buzzards Bay
(k) and Cape Cod, moving north-
east, Strong winds over
L.I. Sound,

1902, June 19~ c (2) Center passed over Conn, and
dJuly 1 southern R.I., traveling
southeast; no account of
damage.

1902, OUect. 7-13 C (2)(3) Path south of Long Island
(L) and Nantucket, moving east.,
Heavy rain and high wind
at New Haven, Comnecticut

1903, Sept. 13-17 A (2)(3) Storm crossed northeastern
Pa., moving northwest. High

winds and high water along
Connecticut coast,
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TABIE C-1 {Cont'd)

Date of (1) Source ‘
Hurricane Category of Data : Remarks

1504, Mar, 9~1k C (2)(W) Passed south of Nantucket,
: moving mortheast. No
accounts of damage along
Connecticut coast.

190k, Sept.8-16 B (2)(3) Center passed over north-
eastern Comn., moving
northeast, Reports of
wind damage.

190k, Nov. 9«1l B (2) (L) Passed south of Nantucket,
moving northeast, Reports
of wind damage.,

1911, Aug.29-30 € (2) Passed south of Cape Cod.
- No accounts of damage in
Connecticut.

1912, Sept.11-23 C (2) Followed easterly path
across southern New
England,

1916, July 12-22 B (2)(L) - Passed over Providence, R.I.,
heading northeast, Reports
of wind and rain damsge in
Comnecticutb.

1920, Sept.27- A (2)(3) Storm passed just west of
Oct, 1 (L) New York, heading north.
Reports of damage from
high tides zlong Conn,
cozst. S

1923, Oct.1h=19 C (2) (1) Passed near Boston, moving
northwest. Storm of slight
energy.

192, Aug.16-27 B (2)(3) Crossed east tip of Cape
Cod, moving northeast,
Some. damage from strong
winds, ' ‘
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TABIE G-l (Cont'd)

Date of (1) = S8ource

Hurricane Categery of Dsta Remarks
1929, Sept.22 -~ A (2) (W) Moved neftheaét; pessing
Oct. 4 over eastera New York and
' northwestexn Vermont. High
tides caused damage along
Commecticut coast.

11933, Aug.2) B (2)(3)  Driving rain and high ‘tides
along Gomn. coast,

1933, Sept.10-16 G (2)(3) Passed south of Cape Cod,
moving northeast. No
reports of damage in Comn.

193k, Junl-2l (2) Travelled overland from
Louigisna; crossed Long
Island and Cape Cod,

_ ‘ moving northeast,

193k, Sept.5~9 B (2 )(4)  Crossed Iong Island and
central Conn, ;moving
north, Wind danage along
Corm.' cosst.

1936, Sept.8-26 B (2)(3) Passed south of Nantucket

(h) heading northeast. Wind
damage along Conn,coast.
1938,Sept.16-22 A (2)(3) Mﬁstf&aﬂaging-éﬁorm‘to
(L) strike southern New England.
Tidal=flooding along entire
Comm.coast, 8 foot surge at
‘ Stamford.
1940, Aug.30 - c (2) Passed south of I-Iarrtmc:]:cet,9
Sept.3 heading northeast, No
_  accounts of damage in Conn,

1940, Sept.11-18 C. (2) () Followed northeasterly path
east of Cape Cod. No
accounts of damage.

1943, Octl22-17 ¢ (2){h) Passed east of Cape Cod,

moving due north, No
accounts of damage.
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TABIE C-1 (Cont'd)

Date of (1) Socurce
Hurricane Category of Data .
19h}, Jul.3l- c (20
Aug, L
19k, Sept.9-15 A (2)(3)
19hh, Oct.13-21 C (2) (L)
1945, June 20-27 G (2) ()
1945, Sept.12-19 C (2) (1)
1949, Aug.2h-29 C (2)(3)
(1)
1950, Aug. 11~21 © (2) (L)
1950, Aug, 31 = © (2 )(3)
Sept,1l 1
1952, Auge. 25 - C (2)
Sept, 1
("Able")
1953, Aug. 11-15 C (2) (L)
("Barbara')
1953, Aug. 29 - C (2)
Sept. 8
("Carol")

€-9

Remarks

Moved northeasterly along
path south of Long Island
and Nantucket. No accounts
of damage. '

Center passed over Providence,
R.I, and south of Boston,
Mass, Tidal=flooding aleng
entire Conn, coast; T.2=foot
surge at Stamford.

Path crossed over Nantucket
and easterly tip of Cape Cod.
No accounts of damage.

Followed northeasterly path
from ¥Florida to Nova Scotia,
pasging south of Nantucket.,

Qverland from Florida; pass-
ed just west of New York,
moving northeast,

Travelled overland from
northern Florida, crossed
center of Maine, High
winds at Greemwich, Comm.

Passed south of Nantucket,
heading generaslly northeast.

. Hleavy rain at Greenmwich, Cecnn.

Passed South and east of
Nantucket, then headed east,
No reports of damsge in Conn.

Followed northeasterly track,
spproximately over New York.
Heavy rain and high wind at
Greenwich, Comn,

Followed path south of Long
Island and Nantucket.

Passed east of Cape Cod
heading generally north,



TABIE C=1 {Contid)

Date of - (1) 'Séuree' . :
Hurricane Catggogz of Data ‘ Remarks
195}, Aug.25-31 A (2)(3) Second most damaging storm
("Carolh) (L) to hit Comn,cosst. Crossed
east end of Long Island,
‘moving north. Surge of
nearly 6feet caused flood-
ing st Stamiord, '
195h, Sept. 611 B (2)(3) Passed over Cape Cod,
heading northeast. High
seas, minor damage from
wind.
1955, Aug. 10-19 B {(2)(3) Passed just south of Long
("Diane") Island and about ever
Nantucket. Brought record
rainfall to many areas of
Connecticut; heavy flood
damages in river valleys;
no tidal-flood damage along
coast.
Notes
(1) The folleowing assigned categories pertain to the effect of a
hurricane on the coast of Comnecticutb.
A: Caused tidal flooding.
B: Caused damage from wind or rainfall.
C: Threatened area; no damage.
(2) ‘“Hurricanes « Their Nature and History," by I.R. Tannehill
(1956).
(3) Iocal newspaper accounts, histories, etc.
(L)

Material furnished by U.S. Weather Bureau.
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C-3. DESCRIPTIONS

Brief descriptions of type "A" and type "B" hurricanes
experienced along the Connecticut coast since 1770, as recorded
by historians and as reported in newspaper accounts and other
records, are given below, Alse included are descriptions of
four severe hurricanes (Category "A") that are reported to have
struck Rhode Island and Massachusetts prior to 1770 but for which
no accounts have been found regarding their effect on Connecticut
coastal areas, ‘

a. 15 August 1635. From: "Of Plymouth Plantation, 1620=1647,%
by William Bradford.,

"This year the 1l or 15 of August (being Saturday) wag
such a mighty storm of wind and rain, as none living in these
parts either English or Indian, ever saw, being like (for the time
it continued) to those Hauricanes and Tuffons that writers make
mention of in the Indies. It began in the morning, a little before
day, and grew not by degrees, but came with violence in the begin-
ning to the great amazement of many. It blew down sundry 211 houses,
and uncovered others; divers vessels were lost at sea, and more in
danger. It caused the sea to swell (to southward of this place)
above 20 feet, right up and down, and made many of the Indians to
climb into trees for their safety; it took off the board roof of
a house which belenged to this plantation at Manamet, and floated
it to another place, the posts still standing in the ground; snd
if it had continued long without the shifting of the wind, it is
like it would have drowned. some part of the country. It blew down
many hundred thousands of trees, turning up the stronger by the
roots, and breaking the highexr pine trees off in. the middle, and
the tall young oaks and walmut trees of good bigness were wound
like a withe, very strange and fearful to behold. It began in
the southeast and parted towerd the south and east, and veered
sundry ways; but the greatest force of it here was from the former
quarters. It continued not (in the extreme) above 5 or 6 hours,
but the vielence began to abate. The signs and marks of it will
remain this 100 years in these parts where it was sorest. The
moon suffered a great eclipse in the second night after it."

 From: "The History of New England from 1630 to 1649,"
by John Winthrop.

®, ..This tempest was not so far as Cape Sable, but to the
south more violent, and made a double tide all that cocast...

"The tide rose at Narragansett fourteen feet higher than
ordinary and drowned 8 Indians flying from their wigwams.®
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be 3 August 1638, TFroms "The History of New England
frem 1630 to 1%59,“ by John Winthrep.

"Tn the night was a very great tempest or
hiracana at S.W. which drave a ship on ground
at Charlestown, and brake down the windmill
there, and did much other damage. It flowed
twice in 6 hours and about Narragansett it
raised the tide 14 to 15 feet above the ordinary
spring tides upright."

¢. 3C October 1723, From: "The Boston News«Letter,
No. 1033, From'Thursd&y November 27,to Thursday November
1, 1723."

"Rhode Island, November le....

", ,..0n Wednesday last we had here a
very great South East storm of Wind & Rain,
and a very high Tide, a Foot higher than ever
was known before, which has broken & carried
awvay several of our Whariffs, and drove sone
vessels ashore from their anchors and has done
considerable damage in Warehouses and Cellars,
to dry goods, and other merchandize: the loss
is computed to some thousand pounds...™

d. 2L October 1761 me~ "The Boston News-Letter
No, 2991, Thursday, October 29, 1761.%

"Tast Friday evening'between 8 and 9 o'clock
came on the severest N.E. Storm of Wind and Rain
that has been known here for 30 Years past, and
continued 'till between 2 and three o'clock next
Mernings...Five or .six Vessels were drove ashore
at Providence in Rhode Island Government, and
greatly damag'd, and it being high Water there
it got into the Stores and Cellars and damsg'd
Sugars &c, to the amount of 12 or 15,000 (pounds)
their Currency; it has also entirely carried
away the great Bridge at that Place, = On both
roads East and West, so far as we have heard, the
Roofs of Houses, Tops of Barns, and Fences, have
been blown down, and 1t is said Thousands of
trees have been torn up by the Roots by the
viclence of the above storm, and we fear we shall
hear melancholy Accounts of Damage done at Sea.t
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From: "The Newport Mercury.®

"On Friday last came a terrible storm
from the Northeast, which continued increasing
with a very heavy rain, and did not abate till
after 2 in the morning. The violence of the
wind broke off part of the steeple of Trinity
Church, Seveéral persons sustained considerable
loss in their sugar, salt, etc. by the prodigious
rise of tide, which flowed inteo their stores and
cellars. Many of the ships in the harbor were
driven ashore from the wharves and their moor-
ings, but without any considerable damage except
to two ships. ©Sad havoc has been made with the
lumber and wood on the wharves, great guantities
of fence blewn and numbers of trees torn up by
‘the roots. People hardly thourht themselves safe
in their own houses, for a more violent storm
has scarce ever been known here."

e. 1920 Qctober 1770, (Type "B"). "History of the State
of Rhode Island", by Samuel Greene Arnold.

"4 violent storm again blew dowm a part of
the spire of Trinity Church at Newport and
caused an immense loss of life and property
along the coast. Newport suffered very severely
in this gale.t

From: "The Connecticut Journal®, November 21, 1770,
"New London, Oct, 26,

"On Friday Wight and part of the nexit Day
we had a very Severe Stoym of Wind and Rain From
the N.E. by which two Vessels were drove ashore
in this Harbor but received little or no damage.Y

f. 19 September 1787. (Type “B"), From the diary of
William Wheeler in “Black Rock, Seaport of 0ld Fairfield,
Commecticut 1699-1870."

"Line storm. A mill at Stamford carried
off whole and Norwalk bridge floted," L
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g. 19 August 1788, (Type ®A®), From the disry ef
William Wheeler ins "Black Rock, Seaport of 014 Fairfield,
Connecticut 1699-~1870.%

"The hardest gale that héas been for many
years--at 1 o'clock a Sloop & Schooner went on
shore-e=, THe Gale reached 100 miles up country,
in some places shlfting from SE to NW & twisting
of trees 9 imches in diameter=-it moved Carsen‘
house about 6 feet "

From: #"The NewuHaven Gazette and The Connectlcut
Magazine,® Thursday, August 21, 1788,

"Wew Haven.

Mast Tuesday morming came on a violent gale
of wind from the Seuth; which at about one o'¢lock
P.M. veered to 3.5.W. and blew a perfect hurricane.

"Several vessels were driven ashore and very
materizl damsge is done to the long Wharf...We expect
to hear of much damage done at sea and in the harbeurs
on our coast,..™

From: "“The Gonnectlcut Courant and Weekly Intellla
gence,“ Monday, August 25, 1788,

"New Haven, Aug., 20

"esterday we had a violent gale of wind, the
height of which was from the S5.E. about cne eo'clock.
Though the tide was not full as has been frequent
in easterly storms, considersble damage was done to
the Long=Wharf by the violence of the waves and
several vessels parted their masts, but the shipping
received no material damage., The Indian cern is
mach injured and the trees stripped of their fmit
and some apple trees blown down."

: h, 9~10 October 180h° (Type uBH), From: "The Connecticut
Courant,® (Octgber 17).

"The partial and sumary accounits which have
been received from the neighboring tewns, though
they afford no particulars of the effects of the
late gale, sufficiently evince the widespread de-
struction which has been experienced by it. In
all most every direction the fruit and other trees
have been generally blewn down, the fences destroyed
and much damage done by the heavy rain, which fell
during the storm."
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i. 18-2l September 1815, (Type "A"). From: "Connecticut
Herald," (New Haven) September 26,

*The storm.--On Friday night and Saturday
morning last a severe storm of wind and rain was
experienced in this wicinity...The most maberial
injury sustained here was to Long Whar{, which
was enbirely imundated by the highest tide known
for a great mumber of years. Everything movabls
on the wharf was swept away. The water in some
of the stores was nearly two feet deep, but no
great loss of property took place except in a
quantity of rum which was swept from the wharf,
several hogshead of which have not yet been re-
covered, .. "

From: "“The Connecticut Courant,? October .
"Bridgeport, Sept. 27,

"The late Storm which commenced on Thursday
last continued with increasing violence until
11 o'clock on Saturday morning. The wind during
the whole time blew a severe gale accompanied
with rain from the N.E. and had se much increased
the waters in the Sound that the tide, which in
ordinary weather would have been full at 2 o'clock
and U} minutes, attained its greatest height at 12
ofclock 30 minutes, and was then near six feeb
above common flood tides; and had it not fortu-
nately happened that the wind some hours before
the tide was at full veered round to the N.W. it
must have risen %o an alarming height. The oldest
inhabitants do not remember so high a tide by
nearly one foot. The water through the whole
length of Water Street was of sufficient depth
for the largest long boat to pass loaded with pas-
sengers, Considerable damage has been sustained
in the stores along the shore by the destruction
of salt, grain and other bulky articles that could
not speedily be removed,

From "Commecticut Herald," (New Haven),
Qetober 5, 1815,

"The late storm has dene incalculable
damage to roads and bridges, especially on the sea
coast, where the tides assisted its destructive
power. Ne mail from Boston has arrived since
Saturday last, undoubtedly owing to the road being
damaged, and the bridges carried away. An ¢ld
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citizen of New-Haven who has heen particularly
attentive to the subject has informed us that
forty-five years ago there was a remarkable
high tide in this towm which did not, however,
rise as high by four inches, as the one on
Saturday last.==Had not the wind, two hours and
a half before high water, suddenly shifted to
the westward, it is impessible to tell what
damage might have been sustained by inhabitants
on the Sound.®

Jo 1=l September 1821, (Type “A®) From: "Connecticutb
Herald,"(New Haven), Tuesday, September 11,

"We were visited in the evening of the 3d inst.
by a toronade almost unexampled in this latitude.
The gale commenced at S.E. about 6 o*clock but was
most violent from 8 - 10, the wind then varying
from S.S.E. to S.We==pearly all the vessels in the
harbor were driven by the force of the storm, and
are more or less damaged...Fortunately at the height
of the gale it was time of low water; otherwise,
damage to shipping, wharves, stores &c, must have
been incalculable,..The rafters and gable end of
a brock store on the wharf,.. were blown down...
part of the roof of My, Thomas Hunt's dwelling in
Water St. was torn offoooscareely'a gtreet was
exempted from fallen chimnies and fences, Several
trees were upturned by the rootsooathe leaves of
most of which remain are changed.to & singular
dark brown hue.

Part of the first bridge on the pier was
carried away by the driving of a sleop, who struck
upon her stem.

"At Bridgeport, several buildings were blown
- down or unroofed...flmost all the vessels in port
were driven ashore, but without much injury.
' * % %
“New Londen, September 5.

"Severe Gala, =-~On Monday night last we exper-
ienced a severe gale from the South-East. It com~
menced about 7 in the evening, and lasted until
midnight. The tide rose several feet above its
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ordinary level and some damage was done to
~ our wharves and boats..."

Frem: "Black Rock;, Seapert of 01d Falrfield,
Connecticut, 1699-1870.%

nA tremendous gale of wind E & SE from
6 to 11 in the evening passed over this placew=
tore down many...trees,..every vessel went
.ashore in this harbor--A sloop dismasted in
the sound and the lighthouse laid flat. The
hardest gale ever remembered,

"The leaves of the trees as in 1788
are turned brown...small limbs of trees blew
thirty rods-= there was a continual roaring
like thunder..."

ko 3«6 October 18l1. (Type "B}, From: "Hartford
Daily Courant," Tuesday, October 5.

"Severe Storm-- We have been visited by
a most remarkable storm--the like of which, so
early in the season, on account of its severity
and continuance, is not remembered by our oldest
inhabitants.. On Saturday night it cormenced.
raining, the wind from the northeast, and con-
tinued without intermission,. intermingled a
part of the time with snow and accpmpanied by
wind until sometime yesterday afternoon., During
a part of Sunday night, the wind blew a perfect
hurricane, and the rain came down in torrents...
Many valuable fruit and ornamental trees have
been prostrated or stripped of their limbs...
a5 the storm undoubtedly sxtended along the
coast, we may expect to hear of damage from that
gquarter,®

1, 29-30 October 1866, (Type "B*), From: "Hartford
Daily Courant," October 31, .

"One of the hardest storms of the season
prevailed on Monday and continued through yes-
terday. It was a regular southeaster=- one of
those violent storms that often haunt us at this
ssasor of the year...The wind prostrated the lines
‘between New Haven and Wew Jork and at other places
east and secuth. The steamer Granite State left
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New York at the usual hour en Monday and met
with rough weather en the Sound..." -

me 8 September 1869, (Type ™A%}, From: "Noxwich
Morning Bulietin," September 12, 1869. : ‘

PStorm (at Mystie, Cenn.) worst since 1815,
Came at low water and the tide, though rising
higher that it has for 2 er 3 years, did less
damage that it etherwise would have done., Had
it occurred at highwater, the bridge and a large
part of Hystic would have been submerged. The -
tide rose at the rate of an inch a minute,
walling up a foot high where it struck ’che
spiles at the bridge."

r. 18-2L October 1878. (Type "A"), From: "The Daily
Standard," Bridgeport, October 23, 1878, '

"4 section of the fence,..opposite the depet
blew down this morning.

4 portion of the bulletin board corner High
and Main Streets blew down this morning. Limbs
were broken off the trees in all sections of the
city.

WThe storm last night and this morming drove
a mumber of small boats ashore below the Naugatuck
dock and their owvmers turned out and dragged them
beyond reach of the waves.,.

"The sea held high carnival at Sea Side Park
this morning, and a wilderness of rolling white
caps and tempest of dashing spray bore witness to
the disturbed mood of the waters, angered by the
howling winds,.."

From: "Greerwich Observer," October 2}, 1878,
%.oeolhe storm yesterday was verysevere and the

shipping in our harbor was roughly tossed, The tide
rose to & remarkable degree,. .t

_ From: "The Daily Standard," Bridgeport, October
21,],, 18789 ’

"New ﬁaven,,Oct.o 23d,~~The steamer John

Bramhall, Captain Pollard, from this city, ashore on
Little Cull Island, has gone to pieces in the gale,®
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0. 16=-20 August 1879. (Type "B*}, From: "Stamford
Herald," (Weekly) August 20.

MewoFrom & test made at Waterside the rainfall
during the late storm was found to be 8 inches, On
Monday from 7 a.m. till 7 pem. a littlc over LE
inches fell,

_ "4 more soaking contimious and persistent raine
storm we have seldom experienced in August... corn
has suffered under the infliction of so much rain and
wind,.."

P 1=13 September 1889, (Type "A"), From: “"The
Greemwich News," Friday, September 13,

"The furious northeaster which has been raging
along the Atlantic Coast for the past few days is
one of the severest storms known in this vieinity
for years, and one of the most destructive te property.
Ever since Tuesday when the storm reached here from the
Atlantic, it has blown a gale, mostly from the north-
east, accompanied nearly all of the time by rain,

"The greatest force of the storm has been felt
along the coastline...small craft along the shore have
suffered severely...

“Greerwich has suffered comparatively little from
the storm. A few trees hawe been blown down and the
roads have been damaged more or less, but beyond this
there was scarcely any damage done. On Tuesday there
was a very high tide in the harbor and at one time
part of the steamboat dock was under water..the enly
loss reported along the shore are one or two row boats."

TR
"The schooner Annie Jacobg from New Haven...
was beached on Mansuring Island during the s torm
Tuesday night."
From: "The Greenwich Opinion," September 20.
"The crib dock which Mr. J.D. Barrett has erected

on his property at Belle Haven was washed away by last
week's storm.
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q. 13-26 August 1893, (Type "A") From: "Stamford
Advocate,“ August 2l

- MWne of the mest severe storms of wind and
rain ever experienced in this locality started
last night and contimued increasing in force until
this forencen. The evidences of its severity were
%o be seen on every hand..streets washed out and
flooded, buildings damaged...

", . .Every boat in the harbor was adrift...
The tide rose higher than has been known for
some time. A1l the streets in the vieinity of
Waterside were impassable, the water coming up
over the meadows to the foot of Atlantic Street...

"The scene in the lower harbor at high tide
this morning was a wild one...On the whole the
craft in the lower harbor escaped well, much better
probably than they would have done had a gale of
equal force come in from the scuthwest."

r, 29 August 1893. (Type "") From: “The Columbian
Weekly Register,® (New Haven), Thursday, August 31,

"Early this morning the wind blew 50 miles
an hour, bresking all previous records...late
last night the barometer recorded 29,98, but it
was only 29,38 early this morning...

"The waves swept in with terrible fury all
along Savin Rock shore. They had full play at
the docks made of logs and boards and stone.
When the tide was high, about 8 o‘cleck, the
water came up over Beach Street and threatened
to enter the handsome shore cottages that front
the harbor from Skeele's pavilion to O'Connell's
hotel on the Rock...mud from the street was picked
up by the spray and spattered on the windows...

"The waves leaped into the air 20 or 30 feet
at a2 timesso

"The waves were...tumbling upon the street
in front of the Surf House and were making their
way in to the ground floor of the hotel. The
tide was at its height and soon after began to.
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Graphnic,®

t.

recede; with the falling of the tide the danger
that threatened the house in being overflowed
with & part of Long Island Sound subsided...The
dock or wharf front of logs and boards was pare-
tially demolished. Mr, Cox's damage will be at
least $500.00.., o

"But the storm's destructive power was felt
in dead earnest at Stewart's pavilion and there-
abouts in front of Sea View hotel., The Sound
took one bite out of the so0lid earth in Front
of Stewart's that was 75 feet long and 10 and
20 feel wide in some places...lt washed away
some of the bathing houses,..

"The wind was tearing over Savin Rock at
a 60-~mile gait."

3-11 September 1896, (Type "B"#) From: "Greenwich
Deplemper 25, _

"Between five and six o'clock on Saturday
night it rained and blew in a way that caused
many people to be frightened. It was the most
severe storm we have had this summer,..From
William St. to Putnam Ave. it was impassable
after the storm. The wind twisted the great
trees and broke them as though they were pipe
stems...The rain came down almost in torrents
and on Greemwich Avenue the water flowed in the
gutters like the stream from a large brook,"

9=19 September 1901, (Type “B") Froms U"The Bridge-

port Standard," Wednesday, September 11.

September 12,

"Last night's rain had a disastrous effect
on property on Goodsell and Thompson Streets
because of the inadequacy of the trunk sewer to
carry off the extremely heavy precipitation...

"The storm during last night caused two
serious washouts under the tracks of the Shelton
division of the Comnecticut Railway & Lighting
Company's system,.."

Frem: "The Bridgeport Standard,”" Thursdsy,
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YIn consequence of the heavy fall of rain
last evening, the top dressing was washed from
Congress, Arch, High, Fulton and Franklin

. streets inte the sewers on Main Street...trolley
cars were stalled at various points of the road
because of small washoutS...

"pecording to the records of William H.
Jemnings, the voluntary weather observer, last
night's precipitation was one inch and twenty-
four one-hundradths."

1. 13-17 September 1903, (Type "A") From: “The
Bridgeport Daily Standard, September 17,

“Very strong winds and rain unroofed houses,
felled or uprooted trees,

", ..8 casual survey of the damage along the
waterfront shows that it will run into the theu-
sands...

"t the Bridgepert Yacht Club in the Black
Rock harber there was damage galore; and but for
the active work of the yachtsmen there would have
been several fine yachts totally wrecked,

"Although the waves were very high the water
did comparabtively little damage... no water ever
reached the roadway although everybody was completely
drenched with the spray which rose in a long contine
uoud, heavy white cloud the whole length of the sea
wall.®

* #* 3

"New Haven, September 17, Wind, rain and a
phenomenally high tide combined to make the damage
in and about New Haven very extensive.

"The bathing pavilicn in the rear of ¥rs,
Albert Wintter's residence at 313 Seaview Avenue
was blown in the water.®
From: "The Daily Advocate," Stamford, September 16,

"The storm which is raging all over this
section struck Stamford with a vengeatice at noon
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today and inside ¢f an hour it had shaped itself
jndo-what old-timers say;, is the swiftest easterly
storm experienced for twenty years or mors...

#0n the east shore of Shippan, the storm was
felt with great severity, and the same is true of
Sound Beach where there are a number of summer
cottages near the shore.

"The wind blew great guns,..rain fell in veri-
table sheets. On exposed corners this was particu-
larly noticeable, the pavements being under a con-
stant wash of water...The wind came from the east
and blew at from 75 to 80 miles an hour.™

v. 8-16 September 190}, (Type "B"), From: "New
Haven Evening Register," September 15,

AL ope time eerly this morning, -shortly -
after midnight the wind being then at the souﬂhu'
west, blew at the rate of 1j0 mileg an hour....
During the entire progress of the storm in New
Haven 3.96 inches of rain fell...At Casey Beach,
during the early part of the storm, the shore
was heavily lashed by angry waves and for a time
it seemed as though some of the lighter of the
houses would be thrown from their foundations.
Then the wind shifted and blew offshore and the
water smoothened,..Trees were uprooted and oyster
beds damaged by the winds...

w. 91l November 190h (Type "B") From: "New Haven
Evening Register, November 1y,

“Here in New Haven the wind in yesterday's
gale blew as high as 50 miles an hour. HMany tele-
phone and telegram wires were prostrated and there

- was some light wreckage about the harbor..."

Xo 12«22 July 1916, (Type "gr), Frome "The New Haven
Journal Courier," July 1L, 1916,

. "During the course of the storm the wind and
rain beat so hard upon Murphy's Pier at Savin Rock
that part of the structure collapsed...
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"Sireet and read fleooding caused by deluge...
and quite a little damage done to fleoded cellars
of business places, especially in the center of
the city.

y. 27 Sept. - 1 Oct. 1920, (Type "A") From: "The
Daily Advocate, Stamford, October 1. '

¥The wind sttained a velocity of 60 miles an
hour, and it roared along the shorefront in an
alarming mamner, but did ne great actual damage
there., It veered from south by east; late in the
afternoon to a more southerly direction as the
night wore on. It greatest velocity was attained
about midnight, That was sufficient to rock some
houses on their foundations.

"Boats were torn from their moorings and itrees
were blown down.t

*» 3*

"Norwalk, Oct, 1, ~~lLast night's storm here
was the worst in years, doing damage along the
Sound shore, The tide reached a record height
at 1 a.m., the water covering the recads and wreck-
ing a number of cottages at Belle Island...l2 small
boats were carried ashore and wrecked.,.and much
damage done by the wind.®

"New Haven, Oct. 1. Thousands of dollars of
damage was done aleng the Sound shore last might
by one of the worsbt storms in several years.
Driven by a gale which exceeded 4O miles from the
goutheast and accompanied by & high tide. The
waves rolled mountain high against the beach during
the night, the tide reaching a recerd height about
midnight. Many boats were washed ashore, cottages,
piers and breakwaters being partially wrecked,

At the Weather Bureau this morning it was
stated that the wind reached a velocity of 42 miles
at the height eof the storm. 4 tetal rainfall yes-
terday and last night of 2.51 inches was recorded."
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. 7. 16=27 August 1924, (Type uBn), From: "Stamford
Sentinel Aagust 27, _ '

"Nothing like the devastation of felled wires,
cables and poles in the eastern part of the state
ever has been expérienced by the telephone people..."
: * % ¥

"New Haven, Conn,  Aug, 27 o=mWith approxi«
‘mately 6,000 telephones out of commission in the
territony east of Saybrook, a section of the state
severely hit by a juvenile toronado late yesterday
afterncon the Southern New England Telephone Company
suffered more damage than...in a great many years..."

az. 22 September - li October 1929, (Type "A") Froms
"New Haven Journal-Courier," October 3.

"Damage while will probably total thousands of
dollars was done yssterday aleng west shore in
Milford by the lashing northeaster which swept northe
ward from the Caribbean,.its ferocity had been largely
spent by the time it had reached the shores of Iong
Island Sound...

"The largest damage reported from along the shore
yesterday came from Silver Beach in Milford where the
strong northeasterly and easterly gale created waves
at the high tide hour this morning which tossed one
cottage off its foundations...

"The water overflowed the trolley tracks and in
some places covered the Milford shore road to a depth
of twe feet...the storm concentrated its fury on the
Milford shore...

"High tides came near flooding street car tracks
where they pass close to the water's edge on the shore
runs, it was said; bub no delays were brought about by
this cause,

"Official figures,..for total rainfall...of 2.03
inches between 8 p.,meand 8 p.m. yesterday and precip-
itation for the 12 hours after 9 a.m, yesterday bheing
1.30 inch.

“The wind velocity at both 8 a.m, and 8 p.m. was

12 miles per hour atop the post office building, but
reports had velocibies of 25 miles an hour at Milford,®
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bb. 24 August 1933. (Type "B"). From: "Daily News-
Graphic," (Greenwich) August 2l.

“..oaoHURRICANE‘S EDGE WHIPE ACROSS TOWN.

M, ees.the gals swept the madly rolling Seound, .
A total rainfall for the week of 3.71 inches
was reported by the Water Company here, enough
to flood a less undulating country,.t L

From: "Bridgepart Pest, " August 2k,

HGAIE TEARS DOWN TREES..»AS WAVES POUND SHDRE,
DEMAGE AIONG COAS? SET AT MILLIONS

", ....the gbtorm accompanied by a driving rain,
whipped the Sound inte a fury, halted shipping

and threatened many shore cettages as it gathered
velocity with the rising tide early this morning...

", ...little damage was reported...on long Island
Sound side of town although exceptionally high
tides and turbulent seas were reported.m

_ ce. 5-9 September 193L, (Type *B") From: "Stamford
Advecate,® September 10,
", . s.0aturday night's furlous storm -did thousands
of dollars’ damages.

"The storm lashed at the New Ergland coast, batter-
ing the Connecticut area with such fury that it
left a trail of havoe, especially in Stamferd and
the surrounding towns...lrees were uproated,,,
cellars and streets flooded....". . - :

From: "Daily.News-Graphlc,“ (GreeHWiéh) September 10.
"HIGEWAYS WASHED OUT BY HEAVY RAINFALL
5...an 85=mile~an-hour gale and nearly three inches

of rain...Saturday night...felled trees and flooded
cellars in all parts of town.'

dad. 8-26 September 1936. (Type "B¥). From: "Daily News-
Graphic, ! (Greemwich, )September 19,

"HURRICANE DRIVEN GALES STREW GREENWICH WITH DEBRIS

" ..brees upraotéd,o.beats torn from their moorings
in CGreernwich Harber, but scattered damage was not
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of recerd proportionSe..

"The gales, driving toward the Sound; came
in the backlash of the southern hurricane
that reoared up the Atlanbtic coast...

"Rainfall varied from two inches in the viciniby
-of Greamrich Water Gompany‘s Putnam lake filter
plant to 2.76 in central Greenwich nearer Long
IsJ.and Soundo vo

"Stamford police reported that Stamford was
tvery lucky', no serious damage. Wires and
branches were reported down in several places."

From: "Bridgeport Post," September 19,

"A tree-toppling gale...swept through Fairfield
County last night and early today at a velocity
of 145 miles an hour...wrecking damage of thou~
sands of dollars. It was apconpanied by tor-
rential sheets of rain.n

From "Stamford Advocate," September 19.

A howling wind, which drove before it a heavy
rain, swept over Stamford last night and early
today, disrupting telephone and electrical
service in the town and city...

" ..the rainfall, recorded at two inches, con-
tinued at intervals...

", ..no damage to shipping...Several boats dragged
from their moorings."

ee, 16.22 September 1938. (Type "A") From: "Stamford
Advocate, September 22, _

"STAMFCRD'S WORST STORM

"Caught in the path of a 50 to Ye-mile=an-
hour tropical hurricane, Stamford experienced
one of the most devasting storms in its history
as the terrific wind and tidal wave...brought
death to one man, drove families from flooded
homes and caused a loss through property damage
estimated at several hundred thousaznds dellars,
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",..families (were) removed from sections
of the South BEnd last night and early this
morning after being meroched for hours by
water that lapped. treacherously ‘against
buildings in its eight-fool rise in many
streets...

"o...trees uprooted by hundredso'

tThe Stamford Division of the Connecticut
Power Company issued a statement saying:

®At 7 pom. the tide in the west branch
- charnel rose with unusual rapidity until it
reached its maximum height about one hour
before the scheduled high tide. This height
was over two feet above the bulkhouse of the
Connecticut Power Company's electric plant
at its docks on South Street. This tremendous
tide poured over the dykes and bulkheads and
flooded the South Emd,..Sandbags were in use
and pumps were adequate to take care of any
reasonably unusual condition, but when the
tide came up underneath all of the equipment
and broke inteo and flooded the electric -
station, operation could only be continued
until serious difficulty was encountered on
one of the generating units,..!

"later, . .under railroad bridges and
along Canal, State and Jefferson Streets,
Mzgee Ave,, Shippan Avenue, cut Shippan.
Point off from the rest of the cityco... .
Some residents in this section of the city.
reported g height of two inches (of water{
on their first floors,

"Thousands of dollars damage was reported
along.the waterfront as the tidal wave lifted
valuable yachts and other craft and hurled them
against each other at their moorings and against
doecks and rock-covered shores,..

"The dock and pier at the Stamford Yacht

Club were washed away, leavmng only the piles
Standlngo e



GREENWICH

"The highest tide ever seen in the Socund,
the heaviest rain on record, and a wind reaching
as high as 100 miles an hour united forces for
an attack on Greenwich yesterday...leaving in
their wake property damage which may amount to
hundreds of thousands of dollars. -

Amost é. thousand. volunteer workers battled
for hours te snatch those whe could be saved from
flood and tide water.,. .

"The southern half of 0l1d Greenwich was
hardest hit with the Sound ¢limbing its shore
to flood under several feet of water most of
the roads, all the cellars and some of the
first fleors.

"Along the waterfront Grace Island was Gome
pletely under water... The Indian Harbor Yacht
Club basement was awash,n

"Uneofficial weatherman Robert Wilcox stated..
that...since last Saturday 8.80 imches of rain
has poured out of the skies,

. "Cos Ceb Fire Compérzy was driven oubt of the
fire house by the rising tide.®

* % %
DARTEN
"Darien Hard Hit
"Pratt Island residence swept away,

"Several homes aleng the shorefront have
completely disappeared...

‘"The $30,000 town bathing pavilien at the
public beach was twisted and when the piers were
swept from underneath, one-half of it dropped
into the Scund,®
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££, 9-15 September 1Skl. (Type "A"), From: "Stamford
Advocate,t* September 15,

"Following almost the exact path of the
disastrous storm of 1938, the savage Atlantic
coast huiricsne lashed Stamferd for hours last

" night as winds ranging in vele¢ity from 60 to
80 miles an hour felled trees and electric
power lines, blocking highways, disrupting
utilities and wartime factory schedules, and
causing other widespread damage. Sheets of
rain flooded streets and in the South End area
near floed conditiens prevailed...

#The Harbor Patrol _reported teday a psculiar
. phenemenon in connection with the rising waters
. @8 observed along the docks on Water Streset. The
tide had continmed to rise until approximately
11 p.m. when it turned and started to fall. After
the tide had dropped approximately one foot it
turned aroung and rose again to the earlier height.
At 11:50 without any noticeable change in the wind
and after the rain had stopped the level of the
water rose ancther fool in five minutes carrying
the high water mark up to the middle of Water St.

"It receded appreximately 10 1nches and at
12105 a.m, returned a second time to the middle
of Water St. This same flow and recession occurred
a third time at 12:30 z.m, and a fourth time at
1 a.m, The fourth and final step of what was
undoubtedly a tidal wave was the highest of them
all. By the time of the fourth and highsst step
the wind had subsided considerably...

"There was four feet ef water in the main
street at Savin Rock, East Haven amusement park
on long Island Sound, but the buildings there
withstood the storm's fary, although the structure
ossDlew down in 1938,n

gg.  25-31 August 195k, (Type Ly From. Stamford
Advocate," August 31.

"Though high tide was not due until 1:53 this
afternoon, residents of the South End rveported
that the streets were starting to flood by 1, and
that water was coming down lower Pacific Street
"like a river,'™

From: "Stamford Advocate,? September 1.

C-=30



S

"The axpected northwest wind that would have
kept back some of the force of the water borne in
on the high tide on Tuesday failed to materialize
and the Scund moved in snd took ever large pertions

.ef the land, -

"Regidents of Shippan were marocned in their
homes when even the high-wheeled fire trucks were
unable to drive into the area until late in the
afteracon,

"The first phase of the storm saw trees blown
over, often taking electric and btelephone wires with
them. Cars were damaged by falling trees...

"When the storm was over, about ncon, and &
bright sun was shining in a blue sky--~that was when
the floods came,.

"Mest of the residents in the low areas, sppar~
ently confident that the worst had passed, stayed in
their homes., OBuddenly, the rising waters swept over
the retaining walls and shot over the streets, yards
and sidewalks, Cellars were soon filled,..

h,..50on after 1 p.m, the water was so high on
Shippan Avenue, extending up beyond the entrance to
Curmings Park, that few persons would atiempt to
drive down the avenue,

NThe water came up within about 10 feet of the
Stamford Yacht Club main building. It flooded into
the pocl and the bathhouses...

“The lower part of Shippan was the heaviest hit...
Qcean Dr. East and Ocean Drive West presenting the
picture cof small lakes covering lawns and entering
cellars,

"The South End of Stamford continued to resemble
a scene in Venice, Italy today with streets flooded
by two to three feet of water. (In) Dyke La. the
depth of water was sufficient Yo permit transpeortation
by outboard motor although the flood level had receded
two feet from the high-water mark of yesterday recorded
on the walls of most of the buildings,

"At noon waters still covered the Kiddie Carnivel
and parts of the Starlite Drive-in Theatre on Shippan
Averue, The Drive-In Theatre was completely under
water Tuesday afternoon. The manager...reported it
was 8 feel at the box office and up to 6 feet deep
in other parts.%
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hh.
Sept. 13,

" #The Yale & Towne plant was surrounded
with water and some employees who went eut te
lunchk wers not sble to return to the building...
Only maintenance crews and supervisery personnel
were able to work todayoco

"Pitney Bowes had some fleodlng in the
southeast corner where the screw machine and
punchplle machines are located...

"The courtyard of Pitney Bowes was flooded
and -some of the storage space on Iudlew Street

' was similarly affected...The water also flooded

over Weed Ave, and at one point up to Mathers St.

't@ the intersection of Gambrldge R4 "

=1l September 1954. - (Type "B") "The Day" (New London).

"She (hurricane) stabbed the area for 8 hours

-Saburday...

#She deposited more thar 6 inches of rain -
a record -~ and caused floods in areas where breoks
overflowed or the catch basins couldn't contain
the water,

"She might have done more damage, but she
spent most of her fury in this area at a time when
the tide was at low ebb,

"The Groten filtration plant ‘in Poquonoc
Bridge reported a fall of 6,15 inches from midnight
Friday to 3: 00 Pers Saturday, a record for a 1l hour

period...

%"The wind was reported at 75 miles an hour.,"

C-k. HURRICANE TRACKS

The tracks of four notable hurricanes causing tidal flooding
ard serious damages along the Connecticut coast, namely, those of
" Beptember 1815, September 1938, September 194}, and August 195k,
are shown on Plate C~1, The path of Hurricane "Diane,” (1955%) a
. storm which brought record rainfall to many areas in southern New
England, is also shown on the plate.
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APPENDIX D

FLOOD LOSSES AND BENEFITS

GENERAL
D1, DAMAGE SURVEYS

Damage surveys were made in Stamford in December 1956 and
Jamiary 1957, These surveys showed that enhancement possibilities
existed in several areas of the city where protection was proposed, and
enhancement studies were undertaken during the summer of 1957, Essen~ |
tially, the damage survey was a door-to=door inspection of the hundreds
of industrial, commercial, residential, and other properties affected by
tidal-flooding in recent hurrzcanes, and ineluded the collection of other
data upon which economic studies of various protection plans could be
based, The information obtained included the extent of the areas flooded,
descriptions of properties, including changed conditions since the 195k
hurricane, the nature and amount of damages, depths of flooding, high~water
references, and relationships between 1954 and previous flood stages.
Evaluations of damage were generally furnished by tenants or property
owners and, if unreasonable, were modified by the investigators, Sampling
methods were often used where properties of the same general type were
subject to the same depth of flooding., Data on damages to public property,
highways, wbtilities, and railroads were obtained from central sources
and applied to field information. The survey area included the entire
ghore line of Stamford from Peck Point eastward to the head of Heolly Pond,

Sufficient déta were obtained to derive losses at the 195h flood
stage, and a stage 3 feet higher., The stage of zero damage, that is,
the stage where damage begins, was also determined, This stage was
referenced to the 1954 flood level, Losses were also obtained for stages
of floor levels and window openings where marked increases in damages
occurred,

D=2, LOSS CLASSIFICATION

"Flood loss information was recorded by type of loss and by location,
The types of losses included were industrial, urban {commercial, residen~-
tial and public), rural, highway, railroad, and utility, The losses were
also recorded by subdivisions, such as clty blocks within the flooded area,
in order to provide 2 basis for later use in stage~1oss and benefit
analyses.

 The losses evaluated in the survey were tangible, primary damages,
Primary damages_comprise the following: (1) phy31cal losses, such as
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damage to structures, machinery and stock, and cost of c¢leanup and
repairs, and (2) non-physical losses, such as unrecovered loss of business,
wages, or production; increased cost of operation; cost of temporary
facilities; and increased cost of shipment of goods into or out of the
inundated areas.

The primary loss resulting from physical damage, and & large part of
the related nonephysical loss, were determined by direct inspection of
flooded properties and evalnation of the losses by either the property
owners or ficld investigatars, or both, The non-physical portions of the
primary loss were often difficult to estimate on the basis of available
information, Where this condition existed, . the non-physical losses were

estimated by utilizing determined relationships between physical .and
non~-physical losses for similar properties in the.survey and other areas,

Monetary evaluations were not made of secondary damages or intangible
losses, Secondary damages, those incurred outside the immediate flooded
area under gtudy, include such items as increased cost of travel and
shipment of goods, loss of utilities and transportation. facilities, and
business losses., Intangible losses include items .such as loss.of life,
hazards to health, and detrimental effects on the national security.

HURRICANE ".l;iDAL»FLOOD DAMA'GES\
D-3, TIDAL-FLOOD LOSSES

The Stamford area, one of the harder hit areas on the coast of
Comnecticut in past hurricanes, sustained serious losses in Hurricane
"Carol" on 31 August 1954, The hurricane tidalesurge in 195h occurred
nearly coincident with the peak of a gravitational high tide and caused
severe flooding of the waterfront areas of Stamford, especially along the
main harbor, the two Branches, anc Westcott Cove. The destructive tidal=
flooding in 195 rose 6,5 feet above wean mgn water in Stamford Harbor,
reaching a level 8 inches below the record tidal-flood height experienced
in 1938, In the survey area {from Peck Point at the Greemwich line to the
head of Holly Pond at the Darien line) tidal~flooding caused.total damages
of over $3,400,000, Over 570 structures suffered flood .damages,. Damage
areas are. described in Table Del and are shown. on Plate D=l, . ‘

Dely, TYPE AND DISTRIBUTION OF LOSSES

Industrial concerns with plants located on low ground along the
waterfront and in the South End area, between the East and West Branches,
were particularly hard hit. Twenty-one companies together suffered
losses of nearly $2,100,000, which represents about 60 percent of the
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total tidal-flood damage in the city. A tabulation of 195L experienced
tidal=flood losses in Stamford, by damage area and by type, is shown
in Table D=l on the following page,

In Aresa I, on the west bank of the West Branch and the harbor, tidale
flooding caused damages amounting to $285,000, The major loss in this
ares was sustained in a residential development, overlooking Davenport
Point, where over 20 homes were flooded to an average depth of 1.5 feeb
on the first floor, ,

The hlghly—industrialized area between the Wést and East Branchess
Area II, suffered a loss of nearly $2,500,000 which represents approxime
ately'?B percent of the total 195h flood loss in Stamford, Four large
“industrial concerns in this area received the brunt of the $1,800,000
logs sustained jointly by the 11 industrial firms in this area: Yale and
Towne Marmfacturing Company; Pitney-Bowes, Incorporated; Consolidated
Diesel Electric Corporation; and the Amicale Yarns Division of the Manhattan
Pacific Corporation, Losses to some 280 residential properties and 70
commercial establishments in this area totaled about 5670,000'°

" Area IIT, the lowland area between the East Branch anﬂ.wsstcott Cove,
sustained damages of nearly $500 000, The Unique Balance Company and three
other industrial plants suffered over half of the loss in this area, ‘
Approximately 170 dwellings. and 30 commercial concerns experienced floode
ing of basements, with damage to electrical circuits accounting for most
of the urban loss, First-floor damage was limited to some 17 buildings
which experienced flooding to depths up to 2 feet,

Approximately 50 homes and cottages on Shippan Point, Area IV, SU8=
tained flood damages of about $35,000, Six homes were flooded to. depths
up to 3 feet; basement flooding was experienced in the remaining properties,

Losses. in the residential area between Westcott Cove and the head of
Holly Pond, Area V, amounted to zbout $125,000, Approximately 60 houses
were 1nundated by tidal-floodlng, of which about 15 dwellings were flooded
to depths up to 3 feet on the first floor,

In addition to extensive residential, commercial, and industrial losses
in Stamford, damages smstained by craft afloat and'by avtomobiles in the
flooded. area gsccounted for congiderable losses whlch were not included in
the tabulations of damages, or were included only in part, since information
on these losses was meager or unavailable, Available evidence indicates,
however, that losses of this nature were substantial in both the 1938 and
195h hurricanes, .
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Area
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111

TABLE D1 .

EXPERIENCED TIDAL-F_L 00D LOSSES

- HURRICANE "CAROL", 31 AUGUST 195k

Stamford, Connecticut

" Description

West bank of West Branch
and main harbor

Area between West Branch
and East Branch

Area between East Branch -
and Westecott Cove

Shippen Point, below
Wallace Street

Area between Westcott Cove
and head of Holly Pond

Total

Losses in Thousands of Dollars

Urban  Rursl . Industrial _Highway . _Total
o 2 15 5 285
670 - 1,805 20 | 2,195
210 - 285 5 b0
35 - - - 35
125 - - - 195

1,280 25 2,005 30 3,130




Dw5, RECURRING LOSSES

Stage-loss curves, referenced to the 195k tidal-flood level, have
been developed as the basis for economic andlysis. These stage~loss
curves, prepsred from data collected in the recent damage surveys,
afford a means of determining the magnitude of recurring losses at any
stage of flooding up to a stage 3 feet above that experienced in 195k,
The difference between the experienced losses in the flood of 195h4 and
the recurring losses used in development of the stage~loss relationship
reflects economic and physical changes in the area since 1954 as
revealed by the damage survey. Recurring stage-loss data for individual
properties, referenced to the peak elevations for the 195k hurricane
flood, have been summarized for the areas afforded protection by Plan "E¥,

‘A number of primary flood losses, both tangible and intangible,
have not been included in the economic analyses of protective measures,
even though these losses may be substantial in a2 given instance of
tldal-floodlng. Tangible losses in this category are made up of (1)
damages to vehicles either underway or parked on the street or in pub-
lic or commercial parking lots and (2) damages to small craft and vessels
afloat at shore facilities, or on the open water, which are subject to an
indeterminate combination of wind, waves, and tide. These categories of
losses consist of damages to items which are not always present in the
gsame place, at the same time, or in the same quantity. To put losses
in this category in perspective for analysis would require a framework
of multlple assumptions,

A breakdown of the tidal-flood losses to be anticipated in the
flood areas at Stamford and in the areas protected by hurricane Prot-
ection Plan "E" in the event of future hurricanes, are shown in Table

‘D=2,

TABLE D. 2
RECURRING TJ:DAL.,I«LOOD LOSSES

Stamford3 Connecticut

Losses (1957 prlces}

Equivalent _ ' Entire Plan ng "
Equivalent Non-Hurricane Flood Flooded Protected
Hurricane Storm Stage Area Area '
- (feet msl)
31 Aug 195 - - 10,3  $3,050,000  $2,580,000
1, Sept 1oLk - 9,2 620,000 520,000
21 Sept 1938 - 11.0 5,790,000 5,190,000
- 25 Nov 1950 9,5 960,000 810,000
- 7 Nov 1953 9.2 620,000 520,000
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The stagemloss relationships fdund in the Flan "E" protected ares
at Stamford are shown on Plate D=2, ‘

 ANNUAL LOGSES AND BENEFITS
D-6, CENERAL

The total benefit of the plan to control tidal-flooding in
Stamford is made up of flood damage preventlon'beneflts, enhancement
benefits, and benefits from the elimination of scare costs. The flood
. damage-prevention benefits are by far the most important, The annual
benefits of such nature attributable to hurricane Protection Plan "EY
at Staemford have been determined in accordance with standard practice
of the Corps of Engineers utilizing stage-loss, stage-frequency, and
damage~-frequency relationships,

D~7,- AVERAGE ANNUAL TIDAL-FLOOD LOSSES

Tidal-flood losses in Stamford have been converted to average
annuzl losses by correlating stage-~loss and stage-frequency relation=-
ships to derive damageufrequency'eurves, The stage~frequency curve is
based upon the known peak elevations in the hurricanes of 1938 and
1954 and in a number of recent storms, other than hurrlcanes, and on the
estimated stages in other hurricanes and severe storms occurring within
the past 142 years, .

The stage-loss curve has heen combined with the stage-frequency
curve to develop a damage-frequency curve which has been plotted with
damage as the ordinste and with percent~-chance-of-cccurrence (the
reciprocal of frequency) as the abscissa, See Plate D-2, The area
under this damage~frequency curve igs a measure of the average anmial
loss, The average annual loss in Stamford whieh will be protected by
Plan "E" amounts to about. $378,000 at a 1957 price level,

D-8, ANNUAL DAMAGE-PREVENTION BENFFITS

Average annual benefits from the prevention of tidal-flood damages
have been derived by determining  the differeiice between the average
anmnual losses under present conditions and the average annual losses
remaining after construction of the protection plan, The residual
damages from the ponding of overtopping and interior runoff during a
hurricane or other great storms are negligible, The average annual flood=
damege prevention benefits attributable to the plan total sbout $337,000,

D=9, SCARE GOST BENEFITS
In addition to actual tidal-flood damage, significant losses are
sugtained in areas subject to tidal flooding due to the cost of setting

temporary protective measures into operation following the receipt of
hurricane warnings. Based on dala gathered in the course
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of damage surveys in the Stamford area and in other areas subject

to tidel-flooding, it is estimated that 25 percent of the commercgial
agtablishments and 50 percent of the industrial concerns in the

flooded area attempt to minimize their potential losses throuvgh ten-

porary preventive measures, ~The estimated benefits to Plan "E®, by =

oliminating scare costs incurred in a singls hurricane warning, amount

to 44,000 (1957)., Based on a frequency of-four hurricane warnings in ' -
a 10~year period, the average annual benefit- from the elimination of
scare costs amounts to $17,000 (1957)o

D=10, ENHANCEMENT BENEFITS

4 field investigation was made in the summer of 1957 of several
areas in Stamford where it appeared that enhancement benefits might
result from higher utilization of land in the area protected-by Plan
"E®, These studies found that enhancement -benefits wculd-be--negligible9
except in two areas between the East Branch and Westtott Cove, .The
enhancement analysis disclosed that annuaal- benefits of $9,000 would be
attributable to Plan nigh protectione

In the smaller of these two areaso an urbarn-renewzl area of soms
7.5 acres, on the east bank at the head of the Eagt Branch, flood threats
hinder the development of land recently reclaimed from substandard resi-
dential use, Industrial development would logically follow protection
because of proximity to adjoining industrisl areas and existing transg-
portation facilities, Utilizing a present land value of $0,75 per square
foot, as indicated by recent purchases of comparable land in-the-area-
between the East and West Branches, and assuming enhancement at 50 per-
cent, an enhanced value in excess of $100,000 would result from con<
struction of the Plan YE* protection, This wvalue, capitalized at 6 per-
cent, gives an annual enhancement beneflt of $6 000

The second area where enhancement*Would-follcw‘protection is a
city-owned, partially developed area of about 10,9 acres at the southern
edge of the residential and commercial district-between Magee and Shippan
Avenuves, The State of Connecticut has approved plans for development of
the area as a municipal heliport and small airport, and has agreed to
contribute approximately one-third of the estimated cogt of about $150,000,
Construction of mrricane protection works could be expscted-to speed the
development of the heliport faclilities and permit greater utilization and
expansion of this readily accessible area, The enhancement analysis-dis=
closed that greater utilization of the area, after construction of pro-
tective works, would be expected to result in a minimum increase-in land
value of $0,10 per square foot, or a total enhancement benefit of about
$50,000, This increment, capitalized at 6 percent, produces an annual
return of approximately $3,000, Thus, an annual enhancement benefit of
$9,000 would be derived from enhanced land values in both areas,
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D-11, SUMMARI OF BENEFITS

Total annual banefits of $363,000 attributable to the protection
provided by Flan "E" include $337,000 from average annual flood-damage
prevention benefits, $17,000 from the elimination of scare costs, and
$9,000 from land enhancement benefits, v
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| APPENDIX E !
DESIGN AND COST ESTIMATES
" INTRODUCTION

E«l, This appendix presents details of design features and
cost estimates for the selected plan of hurricane protection for
Stamford, Connecticut, (Plan “E"go The principal features of the
plan are shown on Plates E~L through E=7.,

SURVELS AND EXPLOBRATIONS

E=2, The design and cost estimates for the selected plan are
based on fLopographic and hydrographic surveys and svbsurface o
explorations accomplished in 1956 and 1957. A total of 5L borings,
46 on land and 8 underwater, were made along considered aligrments
of varioug plans of protection. In addition, 21 probings were made
with ah iron pipe to ascertain the presence of rock and hard material
in the areas of the East Branch where dredging will be required,

DESIGN CRITERIA

E=3, The structures have been designed to withastand a design
hurricane prodiucing & still-water elevation of 16,0 feet msl, accom-
panied by waves of 2 feet in the West Branch channel, b feet in the
Bast Branch channel and 2 feet in the Westcott Cove-Cummings Park
area, Top elevabions varying from 16,0 to 18,0 feet msl were selected
for the top of structures in order to provide protection against =
the design hurricane still-water and waves, In the case of a design
wave breaking against a structure at the time of peak floodings,
during the rare occurrence of a design hurricane, the top of runup
for protective works on the east bank of the West Branch would be
below the top of dikes and a maximum of three feet above the top of
concrete walls, At the East Branch, the top of runup would be one
foot above the top of the dikes and barrier and four feet above the
top of the gate. In the Westcott Cove~-Oummings Park area, the marie
mum runup in a design hurricane would be below the top of dikes.

The infrequent overtopping would nol appreciably reduce the effective=
ness or safety of the project structures, For detailed discussion
of the degign hurricane and wave overtopping see Appendix B,

SEIECTED PLAN OF PROTECTION (Plan "EM)
E-lj. DESCRIPTION OF PLAN o
a. General. The seleched plan of protection consists df

a barrier with gated opening, about 1030 feet long, crossing the
East Branch at Stamford, at a point, approximstely 900 feet north
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of Ware Island; and two closure dikes, one, 1060 feet long, extend-
ing easterly from the east end of the barrier, along the north side
of Wallace Street to high ground near the intersection of Wallace
Street and Shippan Avenue, and the other, 370 feet long, at the

west end of the barrier, providing closure to high ground in Dyke
Park, soubh of Woodland Cemetery. Supplemental closure dikes and
walls are located along the east bank of the West Branch at Stamford:
and in the Westcott Cove~Cummings Park area, 3860 and 400 feet long,
respectively, See General Plan; Plate E-l. Included in the plan

of improvement are the following sbtructures:

(1) 2 gated naﬂigaﬁioﬁ opening, 75 feet wide, in the
Bast Branch barrier ab its crossing of the exisiting channel,

(2) A& 40,000 gpm pumping station located in the
West Branch protection at the dike crossing of the small tidal inlet
west of Dyke Park.,

- {3) Twelve stoplog structures with widths varying
from L t0 30 feet and heights varying from 6 to 1l feet., Five of
these structures are at highway crossings.

The sligmment and locationr of all structures are shown on Plates E~2

through E~5,

b. Barrier., The Bast Branch barrier will be of earth-
£3111, rock faced construction with a top elevation of 18.0 feet msl
and a top width of 20 feet increasing to 30 feet at gate abutments.
The top surface is treated and’provided with guard rails to serve as
an azizss road to the navigation ga.teso For details see Plates E-3
and Bebo '

_ (1) The 75=foot navigation opening will be provided
with sector gates which are closed during a hurricane., They will be
contained in recesses in the sbutments during normal periods. The
gates consist of two similar leaves with a radius of 46,2 feet and
an overall height of 36 feet., Details of the gates are shown on
Plate E-6, - '

¢, Dikes and Walls. The dikes along the east bhank of
the West Branch will be constructed of earth-fill with rock on the
top and seaward slope and seeded topsoil on the landward slope.
They will have a top elevation of 18,0 feet msl and a top width of
10 feet, The dike extensions to the East Branch barrier and the
dikes in the Westcott Cove=Cummings Park area will be gimilar to
those in the West Branch area, with top elevations varying from 16,0
to 18,0 feet msl. The concrete wall in the northern half of the West
Branch protection is a T~wall iype section. Also ineluded in this
same area are two short sections of sheet-steel pile bulkhead wall
totaling 220 feet in length, See Plates E~2;, E=3, B«li,

. de Pertinent Daba. Pertinent data on Plan ®EY structures
are surmarized in Table E=l, on following page.
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' TABLE E-1
PEB.TBENT DATA

HURRICANE PROTECTION PI..AN ”E"

Stamford, Connecticut .

East Bratch Protection

Barrier

Types Earth-fill, rock toes and
rock-faced slopes ‘

Length (including gated opening) 1,030 fest

Top elevation ' 18,0 feet msl
Top width 20,0 feet
Average height ‘ . 21,0 feet
Side slopes . 1 on 2.5

-Navigation Gates

Type: Sector

Width of navigation opening 75 feet
Namber of gates 4
Interior angle of each gate : 60°

Radius of each gate - L6.2 feet
Outer circumference of each ga‘t-e 48,4 feet
Top elevation . 18 feet msl
511l elevation ~18 feet msi
He:.ght of each gate 36 feet
Dl_kes

Type: Earth~-fill, rock on top and

seaward slope and seeded
topsoil on landward slope

Length | ,ulo Feet,

Top elevation 16,0 = 18.0 feet msl
Top width _ 10 feet

Average height 11 feet

Side slope, seaward 4 ' 1 on 1.5

Side slope, landward 1lon 2.0
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TABIE E~1 {cont'd)

West Branch Protection

Dike

Types Earth-fill, rock on top and
seaward slope, seeded Vopsoil
on landward slope

‘Length

Top elevation

Top width

Average height, on land
Average height, in water
Side slope; seaward, on land
Side slope, seaward, in water
Side slope, landward

Walls

Types Concrete T-Wall
Length
Top elevation
Type: Sheet pile bulkhead

Length
Top elevation

Pumping Station

Structure: Concrete
Capacity
Sluice gates.

Number

Sige

Stoploz Structures

Nunber
Width of opening
Height of opening

Westeott Cove Protection

Dike. -
Type: Earth-fill, rock on top and seaward

~slope, seeded topsoil on landward
. slope

Lengbh

Top elevation

E=ly

1,810 feet

1600 Lad 18.0 feet ml
10 feet

10 feet

20 feet

1lon 105

1l on 2,0

1 on 2,0

1,780 feet
16,0 =~ 17,0 feet msl

220 feeb
17.C feet msl

30 x 49 feet
40,000 gpm

5
L x ) feet

9
h to 30 feet

¢k ot

6 to 10 feet

1,400 Ffeet
17.0 - 18,0 feet msl



TABLE E«l (cont'd)

Westcott Cove Protection (cont’d)

Dike (cont'd)

Top width ‘ - 1C feet
Average height 10 feet
Side slope; seaward ‘ 1on 1,5
Side slope, landward 1lon 2,0

Stoplqg Structures

Number . 3 '
Width of opening . 20 and 30 feet

Height of opening 10 and 11 feet
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E=5. MDDIFICATIONS TO SEWERAGE AND DRAINAGE FACILITTES o’

- Medlfica'b:.ons to sewer 1ines, The sewage traa*bment plant
for the ¢ity of Btamford 18 located in an’ are& -gfEorded’ protection
by the East Branch barrier and dike. Lines carrying sewerage to
the treatment plant will be reinforced or replaced with new sections
of pipe where they pass under the protective works. Valves will be .
ingtalled in-all such lines,where required; to prevent the entry of
hurricane tidal’ ﬂood waters., Also, manholes will be made wWatertight
Whete necéssary,” Effluent from ‘the freatmstit plant will be ponded
in the pool formed belhind the East Branch barrier when:the gates are
closed during a hurricans.

b, Modifications to dralnage 11nesn Existiﬁg drainage pipes
passing under the proposed structures will be replaced with cast
iron pipe where necessary to carry the weighbt added by such struc-
tures. :Each line will be provided with a tide gate chamber or a cast
iron flap valve o prevent the entry of tidal wabters. JAmong the lines .
%o be so protected are a 2L=inch drain slong Rippowam Road and a 36~
inch line crossing Cummings Park, south of McMullen Avenue. Along the
landward side of dikes and walls, catch basins, paved ditches and
under drains will be constructed %o collect and conduct runoff to
existing drainage facilities or to tide water.

A% bhe cocling water intake of the Hartford Electric Light
ompany plant on the West Branch, provisions will be made for the
raising of pump motors to prevent damage and 2llow for operation
during & hurricane, In addition, three sluice gateés will be installed
at the outlets of the cooling water discharge lines to prevent the
entry of tldaluflOOd waters.,

‘ & new interceptor line will be installed along South Street and
Dyke Lene; south of Atlantic Street, to .conduct interior runoff from the
existing storm drainage system to the proposed pumping station during
periods of coincident high tides and rainfall,

E-6, LANDS AND DAMAGES

The cost of furnishing necessary lands and rights-of-
way, which will be one requirement of local cooperation, has been
estimated upon the basis of a field reconnaissance and the applica-
tion of current market values as determined from a2 study of a
number of recent sales in the general area. The estimate includes
allowarices for resettlement costs, the payment of severance damages ,
and acquisition costs. The lands and irmproverents to be acquired,
and the land upen which either temporary or permanent easements will
be secured, are sunmrized below:

Beb
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Land: ‘ .
Acquired in fes, for structures . 2.5 aeres

- Construetion easements, temporary L0 acres
Permanent easements 20,5 acres .
Total 17,0 scres .

rovements:

One summer home
BE=7. RELOCATIONS

The construction of Plah "E® structures will not require
the relocation of any highwgys, railroads; or water lines, - 4 large
portion of the parking eres at West Beach, a public beach on the
west shore of Westoott Cove, will be cccupied by the dike. To
naintain adequate parking facilities, it is proposed that a new
parking area be developed en the north side of Rippowam Road, at
its easterly emd, or to relocate the bath houses in this loca'biou
and extend the present parking area. A new entrance to the boat
yard on the west side of the entrance to the lagoon at Cwmﬂ.ﬁgs
Park will be provided from ar existing road in the park, -

B-8, GEOLOGY OF SITE

The geology of the area and the foundation conditions
for the protective structures in Plan "E" are discussed in Appemdix A,
The results of the subswface explorations are showm on Plates A=l
through A«5.

E-9. AVAILABLE MATERIALS

Information on the availability of required construction
ngberials in the Stamford area is combtalned in Appendix ®mAR, A
. portion of the material taken from the excavation of the temporary
bypass channel will be stockpiled for use in ths construction of
the barrier and dikes. Approximately 50 percent of ths required
£ill will come from this somrce, The remainder of the required
pervioug fill will be dredged from Westcott Cove, A portion of
this £i11 will be taken from within the limits of the existing
navigation project for the cove, thereby providing some benefits
in the nature of advance maintenance., The dredged material will he
stockpiled to permit inspection and selection before placing inm
enmbanlment. ,
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E~10, PLAN OF -'comsmwrmn

- The ‘structures of Plan "B¥ will require about two years

to construct and to put into operation. The construction schedule,
.“predicated on the erection of the navigation gates and gate structures
in the dry, by cofferdamming, and by the provision of a temporary

' by-pags chamnel for navigation during the constructlon period, will
be generally as follows:

2. During the first year, the bypass channel in the
East Pramch will be dredged, the cofferdam constructsd in the existing
charnel . and the inclosed area unwatered. OConstruction of the
barrier section east of the navigation opening will be cempleted at
least to am elevation of five feet ‘shove msl to provide access from
' the east bank of the Bramch to the work area st the gate structure,
‘The gate sbutments, installation and testing of gates and equipment,
and removal of the oofferdam will also be accemplished by the close
of the :E‘i.rst Jear.

b. Filling in of the temporary by-pass channel and :
completion of the barrier to design elevation will be accomplished
in the second year,

' ¢, Other features of the project such as land.,di}oss R
walls, pumping station, drainage modifications, and appurtenant
structurss, will be constructed concurrently with the barrisr and
vhe navigation gates. _
BASIS OF ESTIMATES OF FIRST COST AND ANNUAL CHARGES
E~ll, COST ESTIMATES

The cost of Plan "E"™ has been estimated on the basis
~of a design which will provide economical and secure structures,

' Bstimates of quantities have been made on the basis of the typical

eross sections and details shown om Plates E-~2 through E-7.,  Earth
borrow items 1nc1ude spoil, compaction in £ill, and losa from borrow
to fillo ‘

B=l2, mm' PRICES

: , Umit prices are based on averages for sn.milar types of
o projects ‘either constructed, under construction, or under contract
in New England and; where applicable, similar construction in '
other parts of the country., Adjustments have been made for the
availability and locabtions of material required, The sdopted wmit
prices, which are on a 1957 price level, also reflect adjustments
to inciude minor items of work such as the installation of signal
lights on the gate structure and other aids to navigation which do
not appear as separate items in the cost estimates,

E=8



E-13. CONTINGENCIES, ENGINEERING AND OVERHEAD .

The estimate includes a 20 percent allowance %o cover

. contingencies. The cost of engineerimg, design, supervision, and .
administration are "estimated lump sums based-on kncwledge of the
site and experience. Thése items of cost, for various phases of

the plan, are shown in Table E~2 on the following pages.

E-1l., LOCAL CONTRIBUTIONS

It is proposed that local interests contribute in cash
towards the rirst cost of the project an amount presently estimated
at $2,286,000, (See Table E-3)}. This amount has been derived as
followso

’ a. An amount of $1 h06 000 which represents 30% of
the first cost of the project 1ess credlt for furnishing lands,
 easements, and rights- of-way and accomplishing necessary modifica=
tions to sewerage and drainage facilities,

b, An amount of $880,000 which equals the capitalized
value of an annudl operation and maintenance cost of $31,000 over
a 50=year period, This contribution would be made in lieu of opera-
tion and maintenance of the East Branch barrier, dlkes, and gate by
local interests.,

E~15, ANNUAL CHARGES

The estimate for annual charges is based on 2,5 percent
interest on the total investment and amortization of the investment
over a period of 50 years. The tobal investment, Federal plus none
Federal, equals the first costs plus 2.5 percent interest for one
vear or one«half of the estimated construction periocd of two years.
No aliowance for the loss of taxes on lands is ineluded in the. annual
charges since a large percentage of the lands are publicly owned., °
The 1léss of taxes from the acquisition of land now privately ovmed
would be small. Costs of maintenance and operation of the project
are based on a knowledge of the site and costs of similar projects.

o FIRST COSTS AND ANNUAL CHARGES
B-16, FIRST COSTS
The' first cost of Plan "EM is estimated at $5,586,000 of
which $3,030,000 would be borne by the United States and local -
‘1nterests would contribute in cash $2,286,000 and provide lands,

easements; and rights-of-way, and accompllsh all necessary mod-
ifications to sewer and - dralnage facilities and necessary relocations
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ab an estimated cost of $270,000, a wobal local first cost of
$2,556,000, The costs of the individual stiuctures are shown

in detail in the following table, Table E-2, Detailed breakdowns
of the estimates, Ly prxnclpal features of the'work, and by
quantities and unit prlces, are also shown 1n Table E=2,

E~-17, ANNUAL CHARGES
' The total annual charges for Flan wE" amount to an
estimated $218,000. Of this amount $1hk,000 represents Federal

annual charges anhd $10h 000, non~Federal. The determination.
of annual charges is shown in Table E-l.

B=10

R 2-9=59



TABLE E=2

ESTIMATED FIRST COSTS

{1957 Price Level)

HURRICANE PROTECTION FLAN "EW

Stamford, Connectiqut

Estimated Unit Estimated
Ttem Quantity  Unit _.Price =~ Amount
BEagt Branch Protection
Preparation of site 8 acre L.5. § 2,000
Earth excavation, channel 100,000 c.y. 2,00 2005000
Earth excavation, common 10,000  c.¥. 1.50 15,000
Earth excavation, stockpiie 60,000 Co¥o 10 h2 000
Earth £111 50,000 ceyo‘ . +30 153000
Crushed stone 2,500 coye 8500 20,000
Rock fill, 20# 5,500  ¢o¥e 8,00 hh;ooo
Rock £i1l, 100# ;000 ey, 10.00 /0,000
Rock £ill, LOO# 11,000  c¢oy. 10,00 110,000
Rock £ill, quarry-run 35,000  co¥. 8.00 280 000
Gravel 1,500  e¢.y. h.00 6 000
Topsoil, seeded 1,000  ¢.¥. 5.00 59000
Nav1gat10n gates ' )
Cofferden and wiwatering 1 36b L.S. L00,000
Earth excavation ‘ 20,000 c.¥y. 2,00 - 10,000
Rock excavation 25000 c.y. 10,00 20,000
Grouting & dowelling "1 job 1.5 30,000
Conerete, reinforced o T
below elev, «18.0 msl  L,500 c.y. 60,00 270,000
-above elev. ~18,0 msl 4,500 c¢.y. 70,00 315,000
Getes & equipment 1 job L.S. L5, 000
Pavement 5,000 s.¥. 3,00 15,000
Guard Rail 3,000 L.Fs  5.00 15,000 -
Drainage facilities 1 Jjob L.S, 1? »000
Miscellaneous : 1 job . L.S. 15,000
. Sub-total $ “,igngaﬁa“
‘ontingencies 71,000 .-
' :1152,8%65’ """ooo
Engineering and design 256,000
S ¥3,05T.000
Supervision and administration 245,000
Total Cost - Bast Branch Protection $3,326,000

B-11.
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TABLE E=2 (contid)

Estimated - Unit = Bstimated
Ttem ‘ Quantiﬂg - Unit-  Price Amount
West Branch Protection
Preparation of site o 6 o 'a¢re L.s. % 3,000
Earth excavation, common o S
Dikes 'h;OOO C.ye 1,50 6,000
""Walls ' 12,000 Coe 2.00 214,000
Barth excavation, borrow S ST -’ o
" from Westoott Cove 20,000 CeTe 1.50 30,000
Earth excavation, stockpile A o o S
" from Westeott Cove 15,000 CaVe .80 12,000
Earth excavation, stockpile e R T o
from channel, E, Branch 10,000 ~ c.y. o 70 7,000
Barth £i1l ‘ 10,000 CoYe 0.30 3,000
Back £311 (walls) 8,000 Co¥s 1.00 8,000
Crushed stone 1,500 CoYo . 8.00 . 12,000
Rock '£i11 5# 2,500 CoYe 6,00 15,000
Roek f£i11 SO# \ 65,500 Co¥e 8,00 527,000
Rock f£ill, quarry run h,OOO CoYo 8400 32,000
Gravel - 1,000 CuYe 4,00 13000
Topsoil, seeded 100 Co¥e 5.00‘ 2,000
Walls ‘ - C Co
Concrete; reinforced - 600 Co¥o 80.00 1i8,000
Conerebe, reinforced 2,900 CoYo 100,00 290,000 -
Sheet steel piling 200 boru hOO 00 80,000

Stoplog structures

30¢ Wlde x 109 high 1 ea. 15,000 18,000

30¢ x 69 2 ea. 7,000 1}y, 000

15t “ x 9v L &3, h,OOO' . 16,000

01 1 x 9r 1 ea. 3,000 3,000

hr ® ox gv 1 ed. 1,000 - 13000
Pumping station 1 job L.S, 260,000
Drainage facilities 1 job 1.5, 30,000

Modification of 1ntake and’ S
discharge, Hartford Elec.Lt, Co. s job L.5, 30,000
Pavement 1,000 Se¥e 3.00 3,000
Guard Rail ' - 600 L.F. . 5.00 ' 3,000
Miscellaneous ' L.S. 10,000 -
o o Sub~total $1 013,000
Contingencies 0 202,000
. ' $1,715,000
Engineering and design 109,000
s ) $if§§ﬂ155"

Supervision and administration 106:000

Total Cost - West Branch Protection $1,430,000

E-12



TABLE B<2 (con't)

EBstimated ' Unit Estimated
Them | Quantity Uit Prices Amount
Westcott Cove Protection:
Preparation of site ' 9 acres L.8. §$ 3,000
Earth excavation, common 20,000 CoYo 1,50 - 30,000
Earth excavation, borrow 10,000 Coo 1,50 - 60,000
(from Westcott Cove) : E
Earth excavation, stockpile 30,000 CoYo .70 21,000
Barth £il11l 30,000 Co¥o .30 9,000
Rock fil1, 5# 1,500 Co¥e 6,00 27,000
Rock £ill 50# 17,000 CoYo 8,00 136,000
Gravel 2,000 Co¥e h,00 8,000
Topsoil seeded 1,200 CoYo 5.00 6,000
Miscellaneous i Job L.S. 15,000
Stoplog structures ‘
20" wide x 11° high 1 ea, 10,000 10,000
“30f ™ x 10t M 2 ea. . 15,000 ﬁobooo
Dreinage facilities : -1 Jjob L.S. 1i0,000
o Sub-total $ 395,000
Contingencies . 79,000
‘ _ $ "L7L,000
Engineering and design : , 113,000
' : . $ 517,000
Supervision and administration - 13,000

Total Cost - Westcott Cove Protection  $ 560,000

Modification to Drainage and Sewerage Facilities

New drainage interceptor at
" ‘South St, and Dyke Lane 1 job L.S.
Sanivary sewer facilities 1 job L.58.

755000
10,000
85,000
lTQOOO
102,000
Engineering and design 9,000

: 111,000
Supervision and administration 2,000

Contingenciles

0 £ £

£

Total Cost - Modification to Drainage $ 120,000
and Sewerage Facllities.




TABLE E-2 (cont'd)

Estimated . - Unit

‘ Estimated
Item g i Quantity Uhit . Price Amound
_ Lands and Damages _
Land (in fee) .5 acres  L.S. $ 145,000
Permanent easements 10,5 acres  L.S.. - 65,000 .
Temporary easements 1.0 . acres L.S. | . . 55000 .
Permanént access 1 jeb  L.S. o 1,000
Improvements aéquired . . 75000
Severance damage T job L.S. 12000
Sub=total $ 124,000
Contingencies , _ 18,000
ST | 17,000
Reésettlement cost 1,000
dequisition costs ‘ S . 7,000
' Total Cost - Lands and Damages $150,000
Summary
East Branch Protection $3,326,000
West Branch Protechtion . 1 h30 000
Wegtcott Cove Protection 560 000 .
Modlfmcatlon to Storm Drainage ~~ 00000
T and Sanltary Sewerage Facillties _ 120, 000
Lands and Damages 1502000
~ Sub-total .- First Cost - '$5,586,ooo
Alds to Navigation (U.S. Coast Guard ) 1,000
Preauthorzzatlon Studies 502000
Total - Project Cost '$5,650 000

51l
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TABLE E-3'
COST ALLOGATIDN

HURRICANE . PROTECTION FLAN YEW

Stamford, Gonnectlcut

Ttem Federal Local Total
First Cost $3,910,doo $1 676 000(2) $5,586,ooo(1)

Capitalized value of
annual cost for opera-
tion and maintenance

of East Branch barrier o (3) (3) :
and gate =380, 000 880 OOO : -
$3,030,000 2, 536 000 $5,586,000
Aids to navigation 1,000 1;,000
Preauthorization studies 50,000 50,000
Project Cost $3,094,000 $2,556,000 $5,650,000
Modification to sewerage o
and dreinage facilities -150,000
Acquisition of lands, :
easements and rights- =120,000
of-way
Local Cash Contribution (Total) $2,286,000

(1) From Summary, Table E=2. -
(2) Thirty percent.of first cost.

(3) Present worth of future annual cost to the United States of
$31,000,

E=15
R. 2-9-59



TABLE Eel

ESTIMATED ANNUAL CHARGES
(19?7 Prlce Level)

HURRICANE PROTEGTION PLAN "E"

Stamford connectlcut

Federal Investment

“First cost S $ 3,030,000

Rids to navigation : : : 1h90001g;
Preauthorization studier 50,800
. 0 -
. Interest during construction ¢ 3’ ?b 880
- Total Federal Investment $ 3, I7I 000
o Federal Anmmual Charges
Interest on investment, 2.5% 79,000
Amortization, 1. 026% : 33,000 -
Major veplacements ' 2,000 )

Maintenancé and operation

East Branch Barrier & Gate
Salaries 16,000
Transportation & supplies 2,000
Embankment and general 2,000

Concrete features 3,000
Gates and accessories 6,000 :
' 29,000
Aids to navigation (1) 1,000

Total Federal Annual Charges $ 1hh,000.

Noanederal Investment

Contributed funds = $2,286,000

Modifications to sewer and o
‘drainage facilities ‘ 120,000

Lands, easements & rightseof-way o 150,000
e $2,5556,000

Intérest during construction 64,000

Total Non-Federal Iuvestment $2,620,000

(1) U.S. Coast Guard
E-16 .
Ro 2"9"‘59



TABLE E-} (cont'd)

NonaFedgral Annual Charges

Interest on investment, 2,5% . $ 66,000
fmortization, 1,026% 27,000
Major replacements 1,000
Maintenance and operations . ‘
Salaries 2,500
Transportation and supplies 500
Embankment and general 2,000
Concrete features. . . . 2,000 o
Pumping station 3,000 10,000
Tobal Non-Federal &nnual Charges $10L,000
TOTAL ANNUAL CHARGES 218,000

TOTAL ANNUAL BENEFITS (From Appendix D) 363,000 _

RATIO OF ANNUAL BENEFITS TO ANNUAL CHARGES 1.5 to 1.0

E-17 |
R . 2-9"59
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DEPARTMENT OF . -
HEALTH, EDUCATION, AND WELFARE
REGIONAL OFFICE

PUBLIC HEALTH SERVICE

negion II

42 Broadway  March 14, 1958
New YO!‘K 4, N.Yc

Refer to: 24:SE
Reference to: NEDGW

Lt. Col. Miles L. Wachendorf

Corps of Engineers, U, S. Army
Asst, Division Engineer for Civil Works

New England Division
150 Caugeway Street
Boston 1h, Massachusetts

Desr Colonel Wachendorf:

Reference is made to your letter of February 25, 1958
concerning the hurricane protection Plan "E" at Stamford,
Connecticut. '

We have reviewed the copy of the letfer you received
from Mr. Wise and concur in his comments.

We have no other comments to make at this time on the
water supply, pollution control or vector control aspects of
this project., '

For the Regional Engineer,
Sincerely yours,
"“}/’j?? /‘\f -fr:"g'"" ”"""';"m
Lester M. Klashman

Acting Assistant Regional Engineer
Water Supply and Water Pollution Control



STATE OF CONNECTICUT

WATER RESQURCES COMMISSION

State Orfrice Buitoing * Harrroro 15, ConnEcCTICUT

March 4, 1958

Lt. Colonel Miles L. Wachendorf
Corps of Engineers, U. 5., Army
New England Division

150 Causeway Street

Boston 14, Massachusetts

Dear Colonel Wachendorf:

This will refer to your letter of 27 February 1958 requesting
the comments from this office concerning the hurricane protection
project for the City of Stamford, Connecticut as proposed under’
Plan E. This Plan includes a barrier across the East Branch of
Stamford Harbor with a gated structure,

The sanitary wastes from the City of Stamford are collected
and treated in a modern sewage treatment plant. While there are
storm water overflows and minor sources of pollution from both the
sanitary sewer system and industrial plants, the total pollution
from these sources is not great and probably not in sufficient
quantity to materially affect the normal uses of the water.

It is our understanding that the presently proposed structure
will have no appreciable effect upon any changes in the tidal regimen
of the harbor at this point., Therefore, there would appear to be
no objection to the proposed Plan E from the standpoint of the
sanitary conditions of the harbor.

Very truly yours,

William S. Wise
Director

WSHW/ ib



REGION 8

UNITED STATES NEW ENGLAND STATES
DEPARTMENT OF THE INTERIOR NEW YORK
PENNSYLVANIA
FISH AND WILDLIFE SERVICE - NEW JERSEY
BURFAU OF SPORT FISHERI &5 AND WILDIIFE DELAWARE
IN REPLY REFER TO: OFFICE OF REGIONAL DIRECTOR WEST VIRGINIA

BLAKE BUILDING
BOSTON 11, MASSACHUSETTS

September 16, 1957

The Division Engineer
N. E. Division

U.3, Corps of Engineers
150 Causeway Street
Boston 1k, Mass.

Dear Sir:

Reference is made to your letter of July 1, 1957 relative
to protection against tidal flooding at Stamford, Connecticut.

Cur reply has been delayed because of the need to look
into the matter and because this office expected to meet with your
Mr., McAleer on this and related matters.

After considering the plan for relief from flooding,

this office has concluded that the effects on fish and wildlife will
be of a minor nature.

Very truly yours,

D. R. Gascoyne
Regional Director



STATE OF CONNECTICUT
BOARD OF FISHERIES AND GAME
2 WETHERSF:ELD AVENUE * HARTFORD, CONNECTICUT

ADDRESY ALL MAIL TO
STATE OFFICE BUILDING, HARTFORD .

r’)h(P

/
@ﬁﬂ

\Y YM\U

July 22, 1957

Miles L. Wachendorf

It. Colonel, Corps of Engineers

Assistant Division Engineer for Civil Vorks
150 Causeway Street-

Boston 1, Massachusetts

Dear Colonel Wachendorf:

Reference is made to your letter of 1 July outlining certain works
which are proposed by the Corps of Engineers to protect Stamford
against hurricane tidal floodinge

e have gone over this plan carefully and feel that it is not in the
least damaging to wildlife resources and, therefore, it has our
approval,

Yery truly yours,

/0 |

Lyle M. Thorpe
DIRECTCR

LHT/f¢

-
-/"/



>~ ABRAHAM RIBICOFF
GOVERNOR

STATE OF CONNECTICUT
EXECUTIVE CHAMBERS
HARTFORD

August 18, 1958

Brigadier General Alden K. Sibley
New England Division Engineer
Corps of Engineers, U. 8. Army
150 Causeway Street

Boston 1L, Massachusetts

Dear General Sibley:

This will refer to your letter of August 13 requesting opinion con-
cerning the revised report on the hurricane protection project which
is proposed for the City of Stamford.

I have consistently supported sound programs for the protection of the
people of Connecticut and their development against damages from
floods and hurricanes., The City of Stamford has suffered heavy damage
from tidal flooding during past hurricanes and protection against the
recurrence of such damages is needed. '

At the present time there are no specific State funds available for parti-
cipating in such projects in accordance with the requirements as con-
tained in your letter. However, the executive, legislative and adminis-
trative agencies of the State have cooperated and participated in sound
projects in the past and now there is no reason to assume that the same
policies will not be followed in a sound program for the protection of the
City of Stamford when such a project reaches the stage of construction.

Sincerely,

Qlen Wk

Governor
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WEBSTER C, GIVENS

MAYOR

Crry oF STAMFORD, CoNNECTICUT

October 28, 1958

Brigadier Ceneral Alden E. Sibley
Corps of Engineers, U, S, Army
150 Causeway St

Boston 14, Mass

Dear General Sibley:

At the suggestion of Mr, P. J. A. Scott, of your office,
I herewith submit to you my views on the proposed HURRICANE
PROTECTION PROJECT for the City of Stamford,

The need for this project is a great one, in my opinion,
and is recognized by a large segment of this commumity., It is
my expectation that, should this project receive the necessary
Congressional authorization, this City would produce the funds
required to pay its share,

The expressed views of members of the Boards concerned
with appropriation of such funds give support to this position,
At the present time I have no reason to expect any change in
this favorable climate of opinion, even if changes in the
personnel of said Boards should occur,

I sincerely hope that all administrative and legisla-
tive barriers to the commencement of this project will soon
be overcome,

Sincerely,

O A

Webster C, Givens'
Mayor

WCG/et
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THE NEW YORK TOwW BOAT EXCHANGE
17 BATTERY PLACE
NEW YORK 4, N, Y.

WILLIAM E.CLEARY
EXECUTIVE VICE PRESIDENT ' WHITEHALL 3-83480

April 1k, 1958

Brlig. Gen. Alden K. Sibley

Division Fngineer, New England Division
Ue S« Corps of Engineers

150 Causeway Street

Boston, 1, Massachusetts.

Dear Generai Sibley:

This commmication is with further reference to our tele-
gram dated February llth, 1953, objecting to proposal contained in
your Public Notice of December 30th, 1957, setting forth proposed
plans for construction of a hurricane damage control dike across the
East Branch of the harbor of Stamford, Comnecticut.

As outlined in saveral conversations with Mr. Peter J.A.
Scott and other Members of the hurricane control unit of the New
England Division, this entire matter has been the subject of the most
painstaking study and review by the Members of the New York Tow Boat
Exchange and affiliated marine Associa'bions operating vessels in the
East Branch of Stamford Harbor.

Our Members ars deeply sensible of the efforts of the
Corps of Engineers to bring into being structures which would minimize
or eliminate entirsly the ravages of hurricanes in coaatal harbors and
we are eager to cooperate to the fullest extent in those laudable ef-
fortse.

However, in attempting to correct one hazardous but admit-
tedly infrequently recurring situwation, we are sure that the Corps
would not want to create ancther unreasonables hazard which would have
to be faced by navigators of vessels day in and day out.

In requesting in our telegram of February llth, 1958, that
the opening for navigatien in either the temporary by-pass or the
pornanent dike be the full project width of the chamnel at that point,
i.e., one hundred feet, we felt then and still do feel that we were on
perfectly tenabls ground. When the Corps in its wisdom set the pro-
Ject width of this channel at one hundred feet, full recognition of
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the character of the bottom and navigational difficulties were of
course taken into consgideration by the (orps, and properly so0,

Mr. Scott has made us familiar with some of the problems
faced by the Corps in revising the plans to conform with our re-
quest for a horizontal clearance of one hundred feet. and, in the
spirit of cooperation, our pilots have reluctantly agresd to permit
me to modify the position of the Association t0 the extent of narrow-
ing the horiszontal clearance of the opening in the permanent dike to
ninety feet, which is the absolute minimum width necessary for safe
navigation,

In towing barges in or out of the East Branch after the
dike is constructed, it is the unanimous opinion of our most exper
ienced pilots that the barge would have to be towed "alongside" so
ag to permit control. Keeping in mind the width of the tug and the
width of the barge, plus the intervening fenders beiween the tug and
the barge, it is readily apparent that ninety feet horizontal clear~-
ance is the very least that is required for safe navigation.

It is possible that our people might be able to "live with"
& 1ittle less than nineiy feet on the temporary by-pass during the
period of censtruction, but we most earnestly advise you that our re-
quest for a width of ninety feet in the opening of the psrmanent dike
represents the absolute minimmm so far as the justifiable requirements
of navigation are concernad and any reduction in that width would
subject navigation to unreasonable, unwarrented and continwing hazards
and we are vigorously opposed to the consitruction of a permanent dike
with a navigational opening of lesa than the ninety feet we have here-
in seat forth.

Yours respectfully,

William E. Cleary
Executive Vice President
NEW YORK TOW BOAT EXCHANGE
HARBOR CARRIERS OF THE PORT OF NEW YORK

Secre
NEW YORX STATE WATERWAYS ASSOCIATION

S ek SR gy WS ey W

North Atlantic Regionsl Representative
THE AMERICAN WATERWAYS OFERATORS, INC,



